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C H A P T E R  I
S U M M A R Y
N-Mono~ and N,N-di~substituted~N!-hydroxyguanidines, a new class of 
intermediates, have been cyclized into new 3-wono- and 3-di-substi- 
tuted~1,2,4-oxa^  and -thia-diazoles either directly from the hydroxy- 
guanidines themselves; or indirectly by a procedure which has been 
developed for conversion of some substituted cyanamides into 1,2 ,^ - 
oxadiazoles without isolating the substituted hydroxyguanidine 
intermediates • Many new Nf N-di-substituted-N1 -hydroxyguanidines 
were prepared and identified.
In an improved procedure, the free hydroxylamine could be made 
to crystallize from absolute ethyl alcohol in 85 $ yield.
Some new 5-chloro-3-dialkylamino-1,2,4-thiadiazoles have been 
prepared by cyclization of N,N-dialkylguanidine hydrobromides using 
trichloromethanesulphenyl chloride. Replacement of the chlorine 
atom in the 5-position of the thiadiazole ring by other groups e.g. 
-OCH3, HH2, morpholino, piperidino, and some others was accomplished
10
11
in about quantitative yields. A general procedure has been developed 
to prepare the N,N-di-substituted guanidine hydrobromides in quanti­
tative yields.
5-Chloro-3~di*-n-butylamino-l,2,^-thiadiazole has been tested 
for biological activity and it was found active as a nematocide, 
controlling root-knot completely at 125 p.p.m. The 3-di-n-propyl 
analogue has been submitted to be tested for the same activity. A 
few of the oxadiazoles and some of the intermediates have been tested 
and found to have a slight antibiotic activity.
The behaviour of the new 1,2,4—oxa- and -thia-diazoles in the 
Diels-Alder reaction was investigated.
The IE and PMR spectra of all the new compounds are discussed 
in some detail; the UV and the MS spectra of some of these compounds 
are briefly discussed.
C H A P T E R  II
I N T R O D U C T I O N
The work described in this thesis was devoted to the synthesis and 
properties of 3-mono- and -disubstituted-amino-5-substituted-1,2,k~ 
oxa- and -thia-diazoles from substituted hydroxyguanidines either 
directly or indirectly, and 3-dialkylamino-5-substituted thiadi- 
azoles from N,N-dialkylguanidine hydrobromides. The new compounds 
have been identified by IR, PMR, and UV spectroscopy and mass 
spectrometry, besides chemical and physical methods,
A study of this class of compounds is of interest to us for 
several resins:
1, Since a large number of oxa- and thia-diazoles have been 
found to have a useful pharmacological activity, it is hoped that 
our new compounds also may have useful biological activity, and 
that they will be tested for certain activity, A few of them, and 
some of the substituted hydroxyguanidine intermediates have been 
already tested and found to have a slight antibiotic activity
12
13
(see Page 1*f).
2. There are many different methods and intermediates which 
are available for the synthesis of 1,2,4-oxa- and -thiadiaaoles but 
substituted hydroxyguanidine s, which have been used in this work, 
have never been used before and indeed have not been studied 
extensively. The N,N-dialkylguanidine hydrobromides have rarely 
been used as intermediates for 1,2,4-thiadiazole in a direct 
cyclization.
3. While 3-amino-.5-substituted 1,2,^ -oxa- and -thia-diazoles 
have been known for many years, the derivatives in which amino 
hydrogen is replaced by alkyl or aryl groups are not, in general, 
known.
Our particular compounds have the general structural formulas
(I), (II)
R— N 
R^
(I) (II)
where R, R1 = alkyl, aiyl, and where R = alkyl or aryl
R” = GH3> CH2CH2C0QH, ...etc
part of a ring as pyrrol­
idine, piperidine ...etc.
R1 = SH, SCH3, 0CH3, 
NHNH2, NH2, morpholino 
piperidino, ...etc•
In the present work, both (I) and (II) have been prepared from
BIOLOGICAL ACTIVITY TEST LIST (I)
ME.1 (C6H5.CH2)2.N-CN ME.5 (C2H5)2.N - C = N.OH
nh2
ME.2 (CgH^.CH^.N - C = N.OH
NH2 ME.6 (C6H5)2.N-C=N0.C02Et
ME»3 (C6H5)2.N - C = N
ME*
n
8
Fungicidal activity
hh2
HH^^O ME.? (C3H7)2.N - C = N.OH
ME-8 (C6H5)2.N - C = N
HN J )  CH-.N 0
C J VC
14
M E  1 2 3 4 5 > 6 7 8
In vitro activity 
Species 9496 9497 9498
Cctr.p
9499
ounds
9500 9501 9502 9503
Phytophthora palmivora +++ +++ +++ ++ + +++ 1++ +++ +++
Pythium ultimum 11+ +++ i+j- 1++ +++ 1++ l++ 1++
Rhizoctonia solani l++ +++ +++ +++ +++ 1++ +++ +++
Fusarium oxysporum +++ +++ +++ +++ +++ +++ +++ +++
Verticillium albo-atrum l++ +++ ++.+ +++ +++ +++ +++ +++
Lenzites trabea +++ +++ +++ +++ +++ +++ +++ +++
Aspergillus niger +++ +++ +++ +++ +++ +++ +++ +++
Cladosporium herbarum l++ +++ +++ +++ +++ +++ +++ +++
Penicilliurn digitatum +++ +++ +++ +++ +++. +++ +++ +++
In vivo activity 
Species rate
Phytophthora 500 
infestans 125
4 6
4
1 0 0 5 0
Botrytis 500 
fabae 125
2 4 0 1 0 3 1
Erysiphje 500 
cichoracearum
0 0 0 0 0 0 0
Uromyces 500 
phaseoli
0 1 0 0 1 0 0
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N,N-disubstituted hydroxyguanidines (ill)» whilst N,N-dialkyl-
R ~N - G = NOH 
R< f 
Mi,
(III)
guanidine hydrobromides (IV) have been converted into compounds
(II).
(alkyl)?N - C = NH;HBr 
t
NH2
(IV)
C H A P T E R  III
H I S T O R I C A L  A N D  T H E O R E T I C A L
1• Introduction
The unsubstituted oxadiazole and thiadiazole compounds are 5-roembered 
heterocyclic rings containing, respectively, one oxygen and two 
nitrogen atoms, and one sulphur and two nitrogen atoms in the ring# 
From a consideration of the valences of the atoms involved, there 
are four conceivable oxadiazoles and four thiadiazoles. The follow­
ing structural formulas show the possible systems:
!i
1,2,3-
-M
1,2,4-
N----UU
1.3*^
ni
N
1,2,5-
Where X = 0 or S. The numbers under each formula indicate the 
location of the heteroatoms in the ring, and are used to name these
16
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simple heterocyclic systems, as in Chemical Abstracts.
A review of the literature on the oxadiazoles and thiadiazoles 
reveals great interest in them for their theoretical implications, 
for the diversity of synthetic procedures, and for the physiological 
and industrial significance of this type of heterocyclic compound* 
The following list is illustrative.
List of Uses of Oxa- and Thia-diazoles
1. Antitubercular compounds*
2. Anticarcinogens. Against transplanted animal tumours
3. Antidiabetics*
k. Nematocides.
5. ^-Adrenogenic blocking agents.
6. Anthelmintics *
7. Bacteriocides.
8. Pesticides.
9. Modified penicillins.
10. Fungicides.
11. Herbicides.
12. Potato scab protection.
13. Radiation damage preventation.
1^ . Anti-inflamatory agents.
15. Polymers, and photosensitive polymers.
16. Scintillators.
17. Corrosion inhibitors.
18. Azo dyes ... etc.
18
2* Literature Survey
A* 1.2 > 4-Oxadiazoles
1,2,h-0xadiazole is the conventional name, replacing previous ones 
such as furo|ab-j] diazole, azoxime, and diazofuran.
The parent heterocycle and the monosubstituted derivatives 
were not reported until 1961, when they were obtained by the 
classical method of cyclization of the corresponding O-acylamidoximes 
(Eq. 1),
, ^jN- , heat , JJ 0 ,
Ri-cf ^C-R  > + H?0 (1)
kh2 O' 2
where R3 = H , Me , H , Ph, H , H.
R5 = H , H , Me, H , Ph, p-BrC^.
The aromatic nature of these compounds was indicated by ultra­
violet absorption spectra as well as NMR. It is also apparent from 
the stability of the disubstiuted compounds, that the ring has 
aromatic character. The resonance energy has been estimated as 
40 kilocalories, nearly the same as for benzene, 2
The disubstituted 1,2,^ -oxadiazoles have long been known. They
3
were first prepared by Tiemann and his students in 188**, who dis­
covered that the reaction of an amidoxime with an acid derivative, 
e.g. acid chloride or anhydride, gave 1,2,4-oxadiazoles (Eq. 2).
By this method Tiemann prepared a large number of examples for
19
study
2 R - C - NHp
« + R’COCl
NOH
R R - C - NHo.HClit ^
NOH
t! + Ho0
(2)
The mechanism of the reaction, involves an O-acylated compound 
as an intermediate, and such intermediates have in many instances 
been isolated and caused to undergo the cyclization. That these 
are not acyl derivatives of the amino function has been definitely 
established, for the amphoteric amidoximes lose their acidic charac­
teristics in the acylated compounds. The latter cyclize most 
probably by preliminary addition of the amino group to the carbonyl 
group, followed by elimination of water (Eq. 3)# Most frequently,
cyclization has been accomplished merely by heating the acylated
Surprisingly, in some such cases, boiling water or steam for a long 
period of time has proved successful.
The ease of preparation of the 1,2,4-oxadiazoles by Tiemann1s 
method varies widely, and experimental details therefore differ 
somewhat. Sometimes the amidoxime is merely heated with the an­
hydride or other acid derivative, but in other cases superior results 
are obtained by isolating the 0-acyl derivative and heating it. It
R - C - NH2
NOCOR*
derivative, but this technique has failed in a few instances.-^
20
is worth mentioning that no purely dialkyl-1,2,4-oxadiazoles are 
described.^ Apparently the great volatility to be expected of these 
compounds, as well as the difficulties of working with the aliphatic 
amidoximes has been a deterrent to their preparation*
The Tiemann synthesis, employed later by many others, uses 
ordinary or cyclic anhydrides in place of the acid chloride*^**^
When succinic anhydride is used, a jj-carboxyethyl group is introduced 
into the 5-position (Eq* 4)* Esters cannot normally be used, but
R - C - NHo CH9-C>* R— r----- -N
+ i 2 y .— « w
....
NOH CH2-C^ " K J-CH2CH2C00H
it ^0'
19 20the acylacetic esters are exceptions* * Ethyl acetoacetate and
benzamidoxime, for example, furnish 3-phenyl-5-acetonyl-1,2,^-oxa- 
19diazole. In some instances, orthoesters can supplant the ordinary
21acid chloride or anhydride*
When bis-amidoximes are used, the products are bi-1,2,^-oxa- 
diazoles in which the two heterocyclic rings are connected by what­
ever structure originally separated the two amidoxime groups 
22—2*5(Eq. 5)• Attempts to prepare a bis-amidoxime from o-cyano-
,c - ffl2 H-----]— (CHp)^ — I----N
/  VN0H RC0C1 jj (j 2 (j || (5)
(CH2)t .— r-1 Jh n J - r
'^HOH
C - HH2
phenylacetonitrile have failed; however, a product from the addition
of hydroxy lamine to o-cyanobenzylcyanide, to which Eichelbaum gave
, x 26
an unlikely structure (IA), was suggested by Knott to be 1-amino-
. 26a
3-hydroxylaminoisoquinoline, (IB) cf. 26b:
certainly, mechanistic considerations can lead to this structure,
26c
Later in 196^ Cox and Elvidge have confirmed the isoquinoline 
nature of compound (IB) by the u.v. and i.r. absorption, and have 
proved the position of the substituents by p.m.r. spectroscopy.
If the amidoxime is heated alone or with any carboxylic acid 
(including formic), there results a symmetrically disubstituted 
oxadiazole (Eq. 6).
ti
m
(IA) (IB)
R - C - HE E1COOH R
it (6)
N.OH A
The amidoximes are usually obtained from the corresponding
nitrile by the action of hydroxy lamine (Eq. 7), but can also be
27
prepared by the reaction of hydroxylamine with a thioamide or an
22
amidine hydrochloride. The aromatic amidoximes are much more
R - C s K  + NH9OH ^  R - C = NH — R - C - NH?
* ! ^ ^  (?)
HNOH NOH
satisfactory than their aliphatic counterparts, for the latter are 
usually obtained in poor yield and are much more susceptible to 
hydrolysis.
29 z
Beckmann in 1889 used benaldoximes as starting materials for
/
the preparation of diaryl-1,2,^ -oxadiazoles. Oxidation with alkaline 
ferricyanide produces the so-called aldoxime peroxides, which under 
mild dehydrating conditions can be converted into 1,2,4-oxadiazoles. 
Sometimes the peroxide and the oxadiazole are both obtained in the 
oxidation. The peroxides are isomers of the glyoximes; they are 
usually written ArCH:N00N:CHAr, and it has been stated^3, that it is 
difficult to see how this or an alternative possibility,
ArCH:NON:CHAr
i
0
could readily produce the oxadiazole. However it seems possible 
that under dehydration conditions, the latter will disproportionate 
(cf. oxime acetates) into nitrile (A) and the entity (B), which 
through loss of water will give the nitrile oxide (C). Nitrile 
(A) and nitrile oxide (C) can then undergo a dipolar addition to 
give the disubstituted oxadiazole:
23
Ar
= N.
(A)
Sls G - Ar
H'
^  Ar - C s N
I
+
Ar - C = N 
(A)
(C) Ar N
N
'O'
HO< O ^ H
+ N = Ci0J
(B)
-h2°
+ —
Ar * 6 5 N - 0
t
Ar - C = N - 0
(C)
Ar
Successful preparations have been carried out using the oximes
29 30 orv oa
of benzaldehyde, * m-nitrobenzaldehyde,^  and p-anisaldehyde.
By-products are often obtained in the oxidation, particularly if
an acid reagent (such as Caro*s acid) is used, and the peroxide or
31 32oxadiazole may be obtained only in small amounts# According
to Robin, the product obtained is not the oxadiazole, but is a
33—35diaryl-1,2,4-oxadiazole oxide (I or II)« J Direct oxidation
R IT
0*-N
0
(I)
— NJL RR ¥N\ , J—3»0J-RCT
(IX)
Zk
of the heterocycle to the oxide are unknown, but formation of the
oxide, can be envisaged by assuming oxidation of the oxime to a
3 6nitrile oxide (see above) which can dimerize (Eq* 8), If this 
Ar.CH=NOH >Ar.CH=NOON=CH.Ar <-->Ar.CsN«*»0
(8)
N >- Ar
mechanism is correct, the oxide must be represented as (II) that is,
a 1,2,^ -oxadiazole-4-oxide* Reaction of an alkyl nitrite with the
aldoxime has also been found to produce the aldoxime peroxide,
which may be converted into the oxadiazole in the usuai^ ray**^
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Gunther in 1889 obtained diaryll,2,4-oxadiazoles by a partial
Beckmann rearrangement of a dioxime followed by loss of water* As
can be seen from equation 9 three different heterocyclic nuclei 
could result, depending on whether, before dehydration, the Beckmann
r_C— C-R 
r t
NOH NOH
I
R—t- - *■ -R* TT
N N
(9)
r. C ~ — N
R~r* N kf' NOH HOC-R ^  H____ H
I! ftTiN^ >-R R-COH HOC-R R-C LUR
‘O'
N— .— NJ H-1
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rearrangment occurred once, twice, or not at all. All three di-
phenyloxadiazoles have been isolated from the reaction mixture of
39* 1^0benzildioxime and an acid dehydrating agent.
Diaryl-1,2,4-oxadiazoles have also been obtained by the 
reaction of hydroxamic acid chlorides (chlorooximes) with amidine
h 4
hydrochlorides, by the rearrangement of furazans at high temper-
42atures, in poor yields by reaction of nitriles with nitrile oxides,
and incidentally in a few other reactions. Diaryl-1,2,4-oxadiazole
oxides, which can be reduced to the oxadiazoles, are sometimes
obtained in the dimerization of nitrile oxides.
43Johnson and Menge described one experiment illustating the 
behaviour of hydroxylamine toward an acyl imidothiocarbonate. They 
observed that hydroxylamine interacted with diethyl benzoylimido- 
thiocarbonate (III) at ordinary temperature with formation of a 
compound to which they assigned the constitution of q»! -phenyl-^ - 
ethoxyfuro-<*,j3-diazole (IV), and expressed its formation as follows 
(Eq. 10).
0 C z Kr 0C?H5 N --- -C0C9Hc
C/rHcCOHsC + NH,0H — C.HcCOK^,  X  j| li
6 5 'SCoHc 2 ^ 6 5 KHOH ^ C6Hi’ 1
2 5  65 (10)
(III) (IV)
This latter method of synthesis has been carefully studied by 
Xang and Johnson^ in 1932, whose work definitely decided the 
constitution of the heterocyclic condensation products obtained
26
by the application of Johnson and Menge* s reaction. Furthermore 
they prepared od -phenyl-^ -anilino-furo-w,^ 1 -diazole (VI) by the 
action of hydroxylamine on N-benzoyl-S-methyl-N'-phenylisothiourea
In 1963 Huffmann and Schaefer reported the use of N-cyano- 
amidines for the synthesis of five menibered heterocycles, and that 
was demonstrated by the formation of compounds (VII) and (VIII) 
from N-cyanobenzamidine with hydrazine dihydrochloride and hydroxyl- 
amine hydrochloride, respectively (Eq. 12). They reported in another
(V) in pyridine solution^ (Eq. 11).
(1 1 )
(V)
(VI)
N - CN
H
C6H5 - C - NH2
(VIII)
ft
H
(VII)
(12)
2?
paper that the reaction of hydroxy lamine with the related methyl 
N-cyanobenzimidate led to the isomer of (VIII) in which the position 
of the amino and phenyl groups are reversed (Eq. 13)»
N - CN H2N0H N----ppC6H5JIM    "'.f
c6h5 - c - OR' ^ l y U ^  )n (13)
Kaiser in 1946, Adams, Kaiser, and Peter ° in 1953* and 
WarburtoS0 in 1966 studied the reaction of benzoyldicyandiamide 
[PhCQ.NH.C(NH2):N.CN] with hydroxylamine hydrochloride, to give an 
oxadiazole. The product by Warburton was a mixture of 3~phenyl-5- 
ureido-1,2,4-oxadiazole (IX) \ (major component) and 5-phenyl-3-nreido«
1,2,4-oxadiazole (X)*
Ph.»-y    • • K
J\ I
Hx. ^>"NH*C0*Nfi•o
(IX)
H2N.C0.NH-F .Ph
(X)
The above review of the literature of the chemistry of 1,2,4- 
oxadiazoles reveals the fact that substituted hydroxyguanidines 
have never been examined as starting materials, despite their close 
structural similarity to amidoximes which have been extensively 
studied since 1884 by Tiemann. Furthermore the substituted hydroxy­
guanidines themselves have never been studied extensively since
51their discovery in 1903 by Braun and Schwarz. A modification of
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Tiemann’s synthesis using derivatives of guanidine, namely dihydroxy-
guanidine, was used to obtain3-amino-5~methyl-1,2,4-oxadiazole in
10 per cent yield by way of its diacetyl derivative,, which is heated
5
under hydrolytic conditions (Eq, 14), ' 3-Amino-5-methyl-1,2,4-oxa­
diazole has been prepared similarly.
HONHCKHg — CH3 COONHCNH2 — ^
NOH WOCOCHr
N  jch3J^oJh•UH0C0CH,
(14)
N- ■NH
CH,
~p 2 >
B, 1,2.4-Thiadiazoles
This is the conventional name for compounds previously described in 
the older literature as thiaJab^ Jdiazole, biazsulphole, azosulphime, 
and miazthiole.
The eairlest mention of a product which later was shown to be
53a 1,2,4-thiadiazole was by Wohler, who in 1821 found that thio-
cyanic acid decomposed to form a product C2H2N£S^ , This compound
53awas later shown to have a thiadiazole nucleus.
The parent compound of the series 1,2,4-thiadiazole itself,
s 54 ewas prepared in 1956* By means of the Sandmyer-Gattermann
reaction, 5-amino-1,2,4-thiadiazole was converted to 1,2,4-thia-
29
diazole (Eq. 15)* The unsubstituted compound is a colourless, 
mobile liquid, boiling at 121°, and possessing an odour similar 
to pirimidine.
Perhaps the earliest paper which stimulated interest in the
551,2,^ -thiadiazoles appeared in 1889* In this report, Schubart 
treated amidoximes with carbon disulphide in alcoholic potassium 
hydroxide. For example, from benzamidoxirae was obtaipd 3-phenyl- 
5-mercapto-1,2,4-thiadiazole. (Eq. 16), It is not known whether this 
compound exists principally as the enol or keto form.
Crfk- C -NHo KOH
* t» + n.cu
N.OH
(16)
Shortly after Schubart1s work, three papers from Tiemann’s 
laboratory were published. It was shown that by heating benz-
amidoxime with an excess of carbon disulphide in the absence of 
alkali one could ultimately obtain the same product as that from 
the alkaline carbon disulphide (Eq. 17).
C5HCCHH2 & C6HrCNHCSH.C5H^ CNH2 a  N
+ CS2 ---- >  " " " ------>  j j  II + HpS +
NOH SSN S NSH H J U  SH
^S
{c6h5c(mh2)=hh32h2^ o3 (17)
(isolate*! as the thiosulphate)
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Koch prepared 5-anilino-3-phenyl-1,2,h-thiadiazole by heating 
benzamidoxime in chloroform with phenyl isothiocyanate (Eq* 18).
C6H5- C - + C6H5NCS C6H5^ --- *N ^
N.OH Jj-NHC6H5
59Stieglitz showed that 5-amino-3* 5-diphenyl-1,2,h-oxadiazoline 
could be converted to the mercaptophenylthiadiazole (Eq* 19) by 
heating at 100° with carbon disulphide.
C.Hr-t- N CS 2 — ---N
j — L *  6 5 X 7 j
H 1-NHo heat N '-
'No'^c6iC
(19)
»SH
60Hofmann and Gabriel showed that the oxidation of thiobenz- 
amide with iodine had formed 3»5-diphenyl-1,2,^-thiadiazole (Eq* 20).
2 C6H5« C - NH2 * 2 JZ — >  C6H5-~---------+ >4 HI + S
N ^ J L c 6H5 (20)
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Ammonium persulphate and nitrous acid also accomplish this 
oxidation.
Kitamura^ in 1938 described a novel approach to 1,2,^-thia- 
diazoles through unusual intermediates, thioperimidic acids. These 
compounds have the empirical formula RCH2NOS. Phenylthioperimidic 
acid is described as stable in the dark; however, in the presence
of light it decomposes to 3»5-diphenyl~1 ,2,4~thiadiazole* When 
heated at 100° phenylthioperimidic acid is converted to benzonitrile 
and the thiadiazole (Eq* 21)* A more important property of the
C6H^ - C -NH2 heat
it + C6H-CN (21)
’c6h5
thioperimidic acids lies in their ability to condense with thioamides 
of different acids to form 1,2,4-thiadiazoles with differing 
substituents in the 3 and 5 positions, the example given in equation 
22* The formation of the benzylthioperimidic acid suggests the
possibility of making 3»5-dialkyl-1,2,4-thiadiazoles by this route, 
although this does not appear to have been investigated in the 
literature*
Xanthamide can be oxidized to 3»5-diethoxy~1,2,4-thiadiazole
64 65by means of hydrogen peroxide or cupric chloride* This provides
the only preparation of 3*5-dialkoxy-1,2,4-thiadiazoles (Eq* 23).
C2H5O- C -NH211 [ 0 ] , CgHjO- ^  N
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66-71Kurzer, in a series of papers, has shown that amidinothio-
urea and substituted amidinothioureas when they are treated with 
iodine or hydrogen peroxide can be oxidized to amino- and substituted 
amino-1,2,4-thiadiazoles in yields of up to 80 examples (Eqs, 24-26):
CHq-NH. H2°2 h2n-
N. JjUlHCH,
(25)
-C.
n
m
NH-CH3 [ 0 ] C6H5HH. 
• >
•x.,
(26)
Kurzer has shown that 1-phenyl-2-thio-4-isobiurets and the 
1-phenyl-2-thiobiurets, obtained from the isobiurets, can be oxidized 
by bromine or hydrogen peroxide to form 3-alkyloxy (or hydroxy)-5-
I
phenylamino-1,2,4-thiadiazoles in excellent yield (Eq. 27).
CH3O.
sC-NH-C-NH-C^ Hc 
f » ^
QCH3 S
 N
JLnhc6h5
■> 6 5
H0-
(27)
IC6H5
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Goerdeler (195*0 described the synthesis of 5-amino-1^ 2,^ - 
thiadiazole and its substituted derivatives by the reaction of 
potassium thiocyanate with N-haloamidines, as shown in example 
(Eq* 28) using JJ-chloroformamidine* The somewhat dangerous operation
lO-NaCHNHs, + KSCN  r N2 ^  n | (28)
N1
s
using N-chloroformamidine may be avoided by the use of formamidine 
hydrochloride, in combination with,, sodium methoxide, bromine, and 
potassium thiocyanate (Eq* 29)* This procedure has served in the
preparation of many 5-amino-1,2,4-thiadiazoles substituted with
alkyl or aryl groups in the 3-position*
Cyclization of amidines or 5-alkylisothioureas with trichloro-
methanesulphenyl chloride was described, in a patent application,
73by Goerdeler* By this means acetamidine provides 5-chloro-3-
methyl-1,2,*f-thiadiazole and 5 thylisothiourea forms 5-chloro-3-
methylthio-1,2 ,^ -thiadiazole* The ethyl derivatives were also
prepared (Eqs. 30» 31)♦
7*1Goerdeler also used N-halo-O-alkyl (or aryl) isoureas to 
prepare 3-alkoxy- or aryloxy-5-amino-1,2,*J--thiadiazoles. The N-iso-
y*>
HO
CH3-C -NH2 +  CXjCSCX <— i i , - >  CH3- j — — N 
NH » i U -C X
(30)
*S
HO
C^S-C-NHg + Cl^ CSCl   CH S^-j N
NH N: *JL-C1
•s
(31)
ureas have not been previously described in the literature* The 
chloro and bromo derivatives are prepared in high yield by the action 
of sodium hypDhalite on O-substituted isoureas* The general reaction 
is shown in equation 3$» R may be methyl, ethyl, benzyl, phenyl, or 
other substituents.
R0-C-NH2«HC1 + NaOCl RO-C-NHo + NaCl + HoO
rt »
NH NB1
R0- _ - ^ N
NaSCN (32)
Kls>“H2
Isothioureas have been used to prepare the 3-me thyl-t-ethyl-,
-lauryl-, and-pheny Imer cap to-5-amino-1,2,4-thiadiazoles and several
75other 5-substituted derivatives'^  (Eq. 33) •
RS-C-NHn + NaSCN + Br- HO ^  R5-r-.- N
• 2 2 r~— >  If || (33)
NH U-Nff,
S
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76Goerdeler found that, although he was able to prepare the
N,N-disubstituted N1-chloroguanidine in good yield, these compounds 
did not always cyclize to the thiadiazoles. N,N-Diphenyl- and 
N,N-dibenzyl-guanidine were each converted into the Nf-chloro- 
guanidines, and then transformed to 3-diphenylamino- and 3-dibenzyl- 
amino-5-arfiino-1,2 ,^ -thiadiazole (Eq. 3^ )# The reaction may be
conveniently, carried out by generating the bromoguanidine in situ 
in the presence of potassium thiocyanate (Eq* 35)# In this way the 
thiadiazole is isolated directly and in good yield.
N-Chloro-N1,N1-dimethylguanidine and N-chloro-N1,N1-cyclo- 
pentamethyleneguanidine were easily, prepared in the normal way; 
however, the chloro compounds were converted to the thiadiazoles 
in very poor yield. 3-Bimethylamino-5-amino-1,2 ,^ -thiadiazole was 
prepared by another route (Eq. 36) from N,N-dimethylguanidine and
(G6H5)28C-NH2 NaOCl^ (C^gNC-NH^ NaSCN^ (C6Hs)2Kjj
(35)
36
thiocyanogen in 31 $ yield*
. 69The 3-aiT1in°-5-phenyl-1,2,4-thiadiazole was obtained by Kurzer
by the neutral oxidation of N-benzoylamidinothiourea with hydrogen
77peroxide, this compound was prepared by Goerdeler by a more direct 
route from ethyl thiobenzoate and guanidine in 28 $ yield- (Eq* 37)*
caH5o -c -c6H5 HoN-C-NH,
ff C
NH
^N-C-NH-C-C ^H c
« ft 0
NH S
;Br.
h2n.nN c6H5
(37)
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In 1961 Goerdeler and Budnowski developed a method for the 
synthesis of thiadiazoles with hydrogen in position 5* Up to that 
time, such compounds had only been prepared in two instances by the 
degradation (or decomposition) of 5-amino thiadiazole*-^  The new 
method involved the reaction of dichloromethanesulphenyl chloride 
(XI) with an isothiourea (XII) to give (XIII), R = CEy isopropyl, 
n-propy 1, n-butyl, tert-butyl, isoamyl, and benzyl (Eq* 38). In the
C12CH
I
SCI
RS-C-NHo
ff
NH
NaOH ^ RS-
N
(38)
(XI) (XII) (XIII)
infrared spectrum the aromatic CH stretching is clearly recognised
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at 3030 cnH , and the strong band at 1430 cm"** is assigned to a
ring vibration on the basis of numerous other thiadiazole spectra,
C. N, N-Disubstituted hydroxyguanidines
It is known that the addition of hydroxylamine to nitriles produces 
amidoximes. Tiemann and his students have shown that amidoximes are 
starting materials for a very large number of derivatives. By a 
similar reaction between cyanamide and hydroxylamine the formation 
of urea oximes RgCHgjN.CON.OHj.NHg is to be expected. These belong 
to a class of substances which as yet are hardly known and with 
which one may expect to produce a very large number of reactions 
and derivatives,
79Braun and Schwarz in 1903 were the first to study the inter­
action of cyanamides and hydroxylamine. In their report they stated 
that monosubstituted cyanamides (e,g. C^ H^ NHCN) reacted with hydroxyl­
amine so violently that it was not possible to obtain any idea about 
the course of the reaction. However the reaction of hydroxylamine 
with disubstituted cyanamides takes place very smoothly and leads 
as expected to compounds which arise by combination of the components 
in a 1 : 1 molecular ratio. Thus were obtained the first three 
examples of this new class of compounds:
1.
v6a5
ra.p. 102° 70 $ yield
2. (c3il,)2h.ch, hh2.oh m.p. 115 , » •
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3. (CgHjgN.CH, HHg.OH. m.p. 161
At the time it appeared that there were seven possibilities 
for constitution of the products:
(i) E2H.C(:N.0.HH2)H (ii) RgH.CKsffiO.O.NH;?
(iii) R2H,C(:N.HH.0H).H (iv) R2H.C(:UH).HH.OH
(v) R2H.C(:H.HH2).0H (vi) R2N.C(.HH.MH2):0
(vii) R2N.C(:N.0H).HH2,
which correspond to different ways of adding the hydroxlamine to the
nitrile triple bond, (v) and (vi) are tautomers, as also are (iv)
and (vii). Of these formulas, (vij) is most probable by analogy with
the amidoximes. The methylphenyl compound could be boiled for hours
with acids and alkalies without being changed. However, with acids
above 100° under pressure there is complete decomposition of the
molecule with formation of the corresponding secondary base (methyl-
aniline from 1. and diphenylamine from 3»)* Hydrazine which would
be expected from a substance of formula (v) or (vi), has not been 
e
obtaind in a single case. Moreover, the compounds do not show the 
known reactivity of semicarbazides (i.e. of the group .CO.NH.NHg) 
towards ketones and aldehydes. They are in fact completely 
unreactive.
Experiments to show the definite presence of the oximido group 
have not been sucessful up until now. Braun and Schwartz indicated 
that the substances are very resistant to reducing agents and for 
example are unchanged by treatment with metallic sodium in alcoholic
39
solution. Their behavior towards nitric acid, which produces 
decomposition of amidoximes is not yet properly understood. On 
addition of an equivalent amount of mineral acid to an aqueous 
sodium nitrite solution of the compounds, N20  ^is generated but the 
compounds themselves remain unchanged. In the presence of an excess 
of acid they are however liable to drastic decomposition and 
resinification.
3* Addition of hydroxylamine to Substituted-cyanamides
The intial aim of this work, under other supervision, was to prepare 
a series of substituted arylhydroxyguanidines, where R could be 
varied, (XIV). These compounds were to be oxidised to free radicals 
for study of their e.s.r. spectra and the effect on the spectra of 
varying the R group, (XV). The first compound in this series was
N,N*-diphenylhydroxyguanidine (XIV R = H) which was prepared and 
identified successfuly but the oxidation of this compound did not
40
proceed through a radical intermediate, and no signal in the e.s.r.
50a
was obtained. In view of a report concerning this radical, the 
failure was completely unexpected, but as a consequence the work 
lost its original purpose.
The immediate problem then was to find a new research topic 
for myself# %  attention was attracted by an article by Braun and 
Schwartz-^  which dealt with the reaction of free hydroxylamine with 
substituted cyanamides, as already discussed in detail (Chapter III 
Section 2C). Survey of the literature to date reveals that there 
is no other article or reference on this subject, and the addition 
products have never been examined as synthetic intermediates, despite 
their close structural similarity to amidoximes, compounds which 
have been extensively studied since 1884 by Tiemann and his students.
The present work on this subject, which was continued in the 
Chemistry Department contains the results of an exploratory survey 
of the preparation of these compounds and their utility as inter­
mediates for 1,2,4-oxa- and -thia-diazoles. The cyclization of 
other related compounds, namely the N,N-dialkylguanidines, has also 
been investigated and will be discussed later#
N,N-Disubstituted-N!-hydroxy guanidxes were obtained from the
A
reaction of free hydroxylamine with disubstituted-cyanamides in 
methanol (Eq# 39)*
R - N - CN + RH20H MeOH ^ R - N - C = N.OH
t -------- ------- 7  » i
R* R* NH2
(39)
and can be explained by the following mechanism:
Possible mechanism:
r *
R2N - c S N
H
sN - OH
H
■> R2N - C = N 
HN+H
OH
H transfer
V
r2n - p
HO-N HO-N-i-H
The CsM bond is strongly polarized and is attacked at the electron- 
deficient carbon atom by the nucleophilic :N atom of the hydroxyl­
amine, Proton shifts then give the tautomeric forms of the product. 
The cyclization of N,N-diphenyl-N’ -hydroxyguanidine, with carbon- 
disulphide in basic solution followed by acidification, which leads 
to 3-diphenylamino-1,2,4-thiadiazole-5-thione or -thiol (Eq, 40)*
1, KOH
R2N - C = N.OH + CS2  — >  R9N - c = n
2. H+ 2 f J
1SL S
(40)
SH
can be explained by the following mechanism:
kz
Possible mechanism:
R9N - C = N-OH 
* I 
H N: v 
H
S
- H
R2K - -N-OH
KOH
H-N S" K+
I
s
h2°
(I) (IX) (III)
H
H-H
VC
I
SH
V
nzuc
H
-N-OHAH-C S-i-H
n
s
(iv)
The first step in this mechanism is initiated by the basic NH2 
group attacking the electron-deficient carbon atom of the carbon 
disulphide (II) followed by proton loss to produce the intermediate 
potassium salt (III). Then the acidification step initiates the 
cyclization by protonation as in (IV). Elimination of a molecule 
of water then leaves the final product (V). This final product has 
been shown to exist in the 5-thiol form as will be discussed in the 
following chapter.
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4. Preparation and Cyelization of H,N-Disubstituted~ 
guanidine hydrobromides
N*N-Disubstituted-guanidine hydrobromide salts were obtained«from 
the reaction of secondary-amine hydrobromides with cyanamide in 
absolute ethanol in high yield* following a modified literature 
procedure (see Experiment section).
The cyclisation of N,N-disubstituted~guanidine hydrobromides 
with trichloromethanesulphenyl chloride in basic medium to give 
3-disubstituted~amino-5~chloro-1,2,4-thiadiazoles (Eq* 41)t can be 
explained by the following mechanism.
R2K - C - NH2.HBr
NH
NaOH R?N-
CC1-SC1---3 aO
N
N -Cl
(41)
Possible Mechanism:
H
RoN - C = Nr 
* f 
nh2
(I)
  s*"
^ k-s-4ci
!
CC1.
(II)
HC1 . R0N - C--- H2 ( j
H2N:\
(III)
erf (^ c i
Jkf Cl
-HC1
RoN - C--- »N2 f   ]
Ns  S 
?
(V) Cl
<■
HC1 r2n •N
H-N JS 
^ C ^
(IV) *C1 Cl
The negative inductive effect of the chlorine atom attached to the 
sulphur atom in (II) creates an electron-deficient center which is 
attacked by the lone pair electron :NH of (I) causing a bond forma­
tion and elimination of a molecule of HC1 to give the intermediate 
(ill)* This can undergo intermolecular cyelization followed by 
loss of a second molecule of HC1, so establishing a new intermediate 
(I?)* A last dehydrochlorination step forms the stable aromatic 
system (V).
The yield from the reaction was invariably poor (Ca. 30 $ or 
less), inspite of various attempts to effect improvement. It seems 
that the step (III) is subject to severe steric hindrance, so that 
this intermediate (III) may well undergo the alternative change
NH
(VI)
W
polymer
Cl
Polymer would be expected from (VI) and indeed was always formed, 
as a dark brown sticky material in considerable quantity*
C H A P T E R  XV
D I S C U S S I O N
1* Introduction
It is convenient to start discussion of preparation and cyelization 
of N,N-disubstituted-Hf-hydroxyguanidines and N,N~disubstituted 
guanidine hydrobromides as two separate groups# They have the 
following general formulae I and II respectively:
I, R - N - C - NH2 II. R - N - C - NH,
| h | n
Rf NOH R» NH.HBr
These two groups have been subjected to intensive and comprehensive 
investigation, particularly their cyelization products, for several 
reasons which have been discussed (CHAPTER II)#
The cyelization to 1,2,^ - oxa- and -thia-diazoles has been 
effected using many reagents#
4-5
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The infra-red and p*m*r. spectra of each new compound have been 
recorded and will be discussed. The ultraviolet absorption spectra 
of some of the new cyclic compounds have also been recorded, to 
provide evidence for the aromatic character of this class of compounds» 
By mass spectrometry the molecular weights of all of the compounds 
prepared in this work have been determined, and some of the 
fragmentations will be discussed to establish structural formulas.
2. Synthesis and Gyclisation of N,N-Disubstituted-
The synthesis and cyelization of N5 N-disubstituted-N* -hydroxyguanidines 
to 1,2,4-oxa-and -thia-diazoles involves many steps* The following 
equations outline these:
N*-hydr oxyguanidines
h20
BrCN + KBr (42)
2 Nt u + BrCN
dry ether R*_
$  N-CN + (43)N-H.HBr
dry ethei
N-R" + BrCN
EtOH
NH20H.HC1 + NaOEt -— — > NH20H + NaCl + EtOH (44)
47
N-CN
R'
MeOH
NH20H — >  N-C = NOH
B,'' 1
NKo
(45)
R*
C —
n
NOH
NK, reagent
R*
^   \!N—T-
R- I
H
06)
-R'1
X'
X = 0 or S
A* Bromocyanogen
Bromocyanogen (Eq. 42) was prepared in 94 fo yield following a
79procedure previosly reported. The product was distilled from the 
aqueous reaction mixture into a flask containing anhydrous sodium 
sulphate, left over night and redistilled again. It forms colour­
less crystals m.p, 52?, b.p. 59°*
B, Cyanamides
The cyanamides (Eqs, 43 & 43A) were obtained in high yields in two
gO q "i
different ways: ’ Firstly from the reaction of two moles of
secondary amines with one mole of bromocyanogen in dry ether. The 
amine hydrobromides separated out as white solids, and the cyanamide 
products remained in the ether solution. After removing the ether 
the oily residues were distilled under reduced pressure as pure
48
colourless liquids.
The second procedure was to use tertiary amines and cyanogen- 
bromide in a mole to mole ratio, in dry ether. The reactants first 
undergo an addition reaction to form quaternary ammonium bromide 
salts. When these are heated, they decompose into disubstituted 
cyanamides and alkylbromides. It was found that when the tertiary 
amine had different alkyl radicals, the cyanide group replaced the 
smallest alkyl group in the final product. For example, in the reac­
tion of methyl- and ethyl- dipropylamines with bromocyanogen, methyl 
and ethy1-bromides were formed respectively besides dipropylcyanamide; 
methylethylaniline forms ethyl-phenylcyanamide and methylbromide.
By these two methods the following cyanamides were prepared: 
diphenyl-, methylphenyl-, dibenzyl-, dimethyl-, diethyl-, di-n- 
propyl-, di-isopropyl-, di-n-butyl-, tetramethylene (1-cyanopyrroli- 
dine), and pentamethylene (1-cyanopiperidine), They are all known 
compounds.
Phenylcyanamide, and N-cyano-g-anisidine were also prepared in
80 and 81 f> yields respectively, following a procedure previously
82reported for the preparation of phenylcyanohydroxylamine, according
to (Eqs. 4? & 48);
d""~
+ BrCN •NHCh + NaBr + C02 + h20 (47)
dry EtOH
■NH2 + BrCN
NaHCO^
> C H 30-(( jVNHCN + NaBr + C02 + H20 (48)
83The highest yield reported for phenylcyanamide was 58 p, and for
84
B- cyano -p~anis idine 40 ys*
The primary, secondary, and tertiary amines used in their 
preparation were all commercially available*
C* Hydroxylamine
The free hydroxylamine (Eq. 44) could be made to crytailize from 
absolute ethyl alcohol in a yield of 85 $, following a procedure 
in the literature using ethyl alcohol instead of butyl alcohol. The
O C
highest yield reported was 40 $  from ethyl alcohol and 50 $  from 
butyl alcohol.^
D* N,N-Disubstituted-N1-hydroxyguanidines
79Following a procedure previously reported with some modification, 
the N,N-disubstituted-N1-hydroxyguanidines were obtained from the 
reaction of a little more than one mole of free hydroxylamine with 
one mole of the disubstituted-cyanamide in methanol at room temper® 
ature• After the strongly exothermic reaction had ended, the solu­
tion was left to cool slowly, during which crystals formed. By this 
method the following N,K-disubstituted-hydroxyguanidines - diphenyl, 
methylphenyl, etnylphenyl, dibenzyl, diethyl, di-n-propyl, di-iso­
propyl, di-n-butyl, and di-iso-butyl - were prepared and identified. 
K-Cyanopyrrolidine reacted vigorously with hydroxylamine, even
50
with dry ice-acetone cooling, to give N-carbamoylpyrrolidine and 
not the desired product.
The above mentioned hydroxyguanidines are unknown substances 
except N,N-diphenyl, N-methyl-N-phenyl, and N,N-di~n«propyl~N1-hydroxy 
guanidines (Page 37)» but their spectral data certainly have never 
been reported.
In table II are summarized $ yield, melting point, formulas and 
the elemental analysis. No effort was made to find optimum reaction 
conditions in each instance,
TABLE II
Preparation of N,N-Disubstituted hydroxy guanidine s
MeOH
HR*. NON + NH20H—  >RR,.C(:N.0H).NH2
----
Yield
c°
m.p.R R* Formula
1
C H
1
N
f
C H
. . . . 1
N
c6h5 C6H5 m 161 C13H 13N3° 68.7 5*8 18.5 68.8 5.7 18o7
c6H5 CH3 76 100 CgH^ -j N^O 58,2 6.7 25.4 57.95 7.1 25.3
G6H5 g2h5 67 14-3
c9h13n3o 60.03 7.3 23.5 60.2 7.2 23.6
c 6h 5ch2 c6h5ch2 59 120 c 15h 17n 3° 70.6 6.7 16,5 70.4 6.5 16.3
c 2h 5 c2h5 k6 150 3n3o 45.8 9.99 32.0 4-5.9 9.97 31.8
n~C^Hr; 57 11L 52.8 10.8 26.L 52.9 10.6 2 6.6
iso-C^H^ iso-C^Hr? : L7 155 c7h17n3o 52.8 10.8 26.L 52.9 10.8 2605
n-fyHj 53 92 c9h21N3° 57.7 11.3 22.4 57.9 10.8 22.7
i s o - C ^ iso-C^H^ 59 192 c9h 2-jN3o 57.7 11.3 22.4 57.9 10.7 22.?
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The infrared spectra of the compounds listed in table II have 
the following characteristic absorption bands: The NH^ group absorbs
at 3530-3^20 cm"*® (asymmetric stretch), and at 3^00-3290 cm""®
•bl
(symmetric stretch), and there is broad absorption at 3280-3150 cm"* 
due to bonded OH stretch; absorption at 1690-1638 is due to C=N 
stretch, and at 1595- 1575 cm due to NH£ deformation. The other 
absorption bands will be mentioned in the short description of each 
separate compound.
N,N-Diphenyl—-hydroxyguanidine was prepared by a modified
procedure which saved time and gave the high yield of 8^ fo m Free
hydroxylamine was added in small portions to a suspention of diphenyl-
cyanamide in the minimum amount of methanol with stirring and cooling,
just enough to prevent the solvent from boiling, Colourless crystals
formed immediately when the reaction mixture was left to cool to
room temperature. The reported method required a few days,^ By 
1
slow crystallization the compound could build up to large crystals, 
about one inch in diameter. Mass spectrometry gave m/e 227.
The infrared spectrum of the N,N-diphenylhydroxyguanidine (Fig. 1), 
has sharp absorption peaks at 3^60^cm due to NHg asymmetric and
_ - j
symmetric stretch respectively, a broad band at 3250 cm due to OH 
stretch, and many other absorption bands: At 1665 due to C=N
j on
stretch, at 1590 (KHg deformation), at 950 cm" due to N-0 stretch­
ing, beside bands characteristic of the mono substituted phenyl ring.
The P.M.R. spectrum of N,N-diphenyi— hydroxyguanidine in CDCl^
(Fig. 1A) contains a broad NHg signal centered att:5*2 and abroad 
OH absorption band, underneath the envelope of the phenyl and the
52
6508001QOO1800 1400 12002000 16004000 30005000
wavenumber
Fig* 1 • I.R. spectrum of N,N-diphenyl-N1 -hydroxyguanidine
(Nujol mull).
2*
J-L:
-CH :il
Fig. 1 A. P M  spectrum of N, N-diphenyl-N1 -hydroxyguanidine in (CDCl^), 60 Mcps.
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CHCl^ impurity band, centered at about T 3.2, The broadening of the 
OH band is caused by a slow rate of exchange. The NH2 signal is 
probably broadened by the electrical quadrupole moment of the nitrogen 
nucleus which induces a moderately efficient spin relaxation and 
thus an intermediate lifetime for the spin states of the nitrogen 
nucleus. The low field absorption of the OH proton is probably 
caused by hydrogen bonding which decreases the electron density 
around the proton and thus moves the proton absorption to lower field. 
The last peak in this spectrum at T 2.85 is attributed to the phenyl 
protons. The integral trace shows that the two groups of signal in 
the spectrum represent 12 and 2 protons: the 12 protons are 10- 
aromatic (2-phenyl) protons, one OH proton and one CHCl^ impurity 
proton.
N-Methyl-N-phenylhydroxyguanidine was prepared in the usual way 
by adding the free hydroxylamine to a solution of methyl phenylcyan- 
amide. The product, obtained in ?6 fo yield by leaving the reaction 
mixture at room temperature over night, appeared as flat lustrous 
crystals. The compound is soluble in methanol and hot water but 
insoluble in ether. Mass spectrometry gave m/e 165*
The infrared spectrum of this compound (Fig, 2) shows two 
moderately intense N-H stretching frequencies at 3h20 and 3320 cm
corresponding to the asymmetrical and symmetrical vibrations; a
-1broad absorption peak near 3200 cm is due to G-H stretch, broad­
ening caused by intermolecular hydrogen bonding; a strong absorption 
at 1640 cm*^  due to C=N; a band at 1588 cra"^  due to NH£ deformation,
On
and at 958 (m) due to N-0 stretch. There are also a few other
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Fig# 2# I#R. spectrum of N-methyl-N-phenyl-N1 -hydroxyguanidine
(Nujol mull).
Fig# 2A# PMR spectrum of N-methyl-N-phenyl-N1 -hydroxyguanidine in (CDCl^ )
60 Mcps#
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strong bands from the phenyl ring.
The PMR spectrum of JJ-methyl-N-phenylhydroxyguanidine (Pig. 21) 
in CDCI3 shows two sharp singlets and two broad signals. The high 
field singlet at *r 6,85 is from the protons of the methyl group, 
and the one at r 2*75 Irom the aromatic protons. The broad signal 
centered at <  5*7 is from the KHg protons, and the low field broad 
signal, partia^r underlying the aromatic peak, centered at about 
T 2*15, is from the OH proton. The integral trace (reading from 
left to right) shows that the three groups of signal in the spectrum 
represent ?, 2, and 3 protons, (the 7 protons are 5-aromatic, 1-OH,
1-CHCI3 impurity),
N-Ethyl-N*phenYlh7droxyguanidipe, has not been previously 
reported. It was obtained in 67 $ yield as colourless needles by 
adding free hydroxylamine to a solution of ethyl phenylcyanamide in 
methanol. The reaction was strongly exothermic, and the desired 
compound was separated when the mixture was left to cool to room 
temperature. The mass spectrum gave m/e 179*
The spectral regions in the infrared (Fig. 3) show the NHg 
group as a sharp doublet with approximately 80 cm“‘ separation. The 
high frequency band is at 3^70, and the lower at 3390 enH* These 
are the asymmetric and symmetric stretching modes respectively.
The broad band at 3250 cmH is from the bonded OH group. Then there 
are strong bands at 1655 cm"^  due to C=I stretch, at 1590 cnH due 
to NH2 deformation, and at 1585 cm~^ which is a benzene ring absorp­
tion. The sharp medium intensity band at 900 cm“  ^ is due to N-Q^
-.1
stretch, and there is out-of-plane phenyl ring bending at 708 cm ,
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Fig* 3* I.E. spectrum of N-ethyl-N-phenyl-N* -hydroxyguanidine
(Nujol mull)*
Fig* 3A. PMR spectrum of N-ethyl-N-phenyi-N1-hydroxyguanidine in (CDCI3),
60 Heps.
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The P M  spectrum of N-e thy l-N-phenylhydroxy guanic^ ne (Fig* J k )  
shows the following signals: The ethyl group gave a quartet, centered
at T 6*36, of intensity ratio approximately 1:30:1 for the methylene 
protons, and a 1:2:1 triplet (centered at t 8*87) for the methyl 
protons. The spacing between the multiplet components J = 7 c/s, 
and the ratio of the total intensities of the methylene and methyl 
resonances is 2 :3 which constitute an k z X ^ spin-spin pattern; the 
NH2 gave a broad signal centered at T 5»6 , and the phenyl protons 
gave a singlet at T2.75 which was complicated by the OH broad 
signal centered at about 7" 2*7 underneath the phenyl peak and the 
CHCl^ impurity peak. The integral traces show 7» 2, 2, and 3 protons 
(from left to right), (7 protons are: 5-phenyl + 1-OH + 1-CHCl^).
N,N-Dibenzyl-NT-hydroxyguanidine, has not been reported previ­
ously. It could be prepared by adding free hydroxylamine in small 
portions to a solution of dibenzylcyanamide in methanol. The mixture 
T^ as left to stand overnight at room temperature, and then some ether 
was added to aid crystallisation of the product, as large colourless 
needles in 59 $ yield. The mass spectrum gave m/e 255*
The infrared spectrum (Fig. h) of NjN-dibenzyl-l^-hydroxy- 
guanidine (Nujol mull) shows a sharp but weak NH? asymmetric stretch­
ing band at 353  ^cm“^, and a broad band resulting from overlap of 
the OH and the NK2 symmetric stretching band at about 3^00 and 
3280 cm“  ^ respectively. There is a C=N medium intensity band at 
1638 cm“^; the HHg deformation band at 1588 cm” ^ (w) and a sharp, 
medium intensity band at 916 cm”1.
The PMR spectrum of NjN-dibenzyl-K*-hydroxyguanidine (Fig. 4a)
58
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4 0 0 0 3 0 0 0 2000 1800 1600 1400 1200 1000
Fig* I.E. spectrum of NfK-dibenzyl-N,-hydroxyguanidine
(Kujol mull).
N^OH 
(C6H 5CH2)2 N - C ^
%nh2
IPJ -LD11XJ.1--1 A
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Fig. A^. PME spectrum of N,N-dibenzyl-N1 -hydroxyguanidine in (CDCl^),
60 Mops.
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shows two singlets and two overlapping broad signals, The low field 
singlet at T2.75 is from the 10 aromatic protons plus one CHCI3 
impurity proton, the high field singlet is the k protons of 2 CHg 
at r5oh; the broad OH + NH2 signal lies partially underneath the 
methylene peak and both are centered at about 'T' 5»15 • The two 
integral traces are shown in the spectrum: the left hand one clearly 
indicates 11 protons and the right hand one 7 protons.
N,N-Diethyl-N1-hydroxyguanidine t has not been reported previously, 
1
By slow crystallization it forms colourless hexagonal prisms, several 
inches long. It was obtained in h6 % yield when a solution of 
diethylcyanamide in methanol was treated with free hydroxylamine 
and the reaction mixture left over night; mass spectrometry gave 
m/e 131•
The infrared spectrum of the compound (Fig. 5)» reveals the
••1following: a sharp, intense band at 3^60 cm*" due to NH2 asymmetric 
stretch, the 2^  symmetric stretch, which appears as a shoulder on
the broad OH stretching band these two absorbing at 3350 and 3150
1 1cm“! respectively; the C=N absorption as a strong band at 1630 cm";
A
a medium intensity absorption at 1580 cm which is the NH2 deforma- 
a Band at 855 cm~1 which nay arise from
tion band, and^ 22-0 stretching^ in the low
-1frequency region tnere is a medium intensity band at 770 cm which 
may be the KHg + OH wagging.
The PMR spectrum of N,N-diethyl-NJ-hydroxyguanidine (Fig. 5A) 
contains, from left to right, a broad singlet for the OH proton 
centred at t 3»53t a broad singlet centred at ^4,7 for the NHg 
protons, and two overlapping quartets from the methylene protons
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Fig. 5. I.R. spectrum of N,N-diethyl-N1 -hydroxyguanidine
(Nujol mull).
(c h 3c h 2) , n
Fig. 5A. PM spectrum of N,N-diethyl-N* -hydroxyguanidine in (CDCl^ ), 60 Mcps<
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centred at 7*35 and 7.28, The slight non-equivalence of the 
methylene protons is indicative of a. resonance hybrid structure for 
this hydroxy guanidine in which the formal N-C single bond has some 
double bond character, so that free rotation is inhibited. The last 
signal in the spectrum is the triplet at T8. 9  (J = 7 c/s) of 
intensity ratio approximately 1:2:1 from the methyl protons. Finally 
the integral traces (reading from left to right) show 1, 2, 4 and 6 
protons, the small signal at low field being CHCl^ impurity.
N ,N-Di-n-propyl-N1-hydroxyguanidine was obtained in 67 $ yield 
as colourless lustrous needles. Mass spectrometry gave m/e 1*4-1,
In the infrared (Fig. 6) the principal absorption bands (Nujol 
mull) are 3*f70 (asymmetric NH2 stretch), 3290 (symmetric NHg stretch, 
appears as a shoulder on the OH band), 3170 (OH), 1665 (C=N), 15&0 
(HH2 deformation), and 910 cm-*^ (w) (N-0).
The PMR spectrum of N,N-di-n-propyl-N*-hydroxyguanidine in CDCl- 
(Fig. 6a) contains (from left to right) two partially overlapping 
broad signals centred at r  4.1-2, 4.55 (OH, NH2 pnotons), two over­
lapping triplets centred at t  7*39# 7*^5 (2-CH2N coupled to adjacent 
methylene group, the second order splitting was discussed above), a 
multiplet centred at T 8.45 (2-CH2 coupled to adjacent groups), and 
the triplet r  9,2, J - 7 c/s (2-CH^ coupled to the adjacent methylene 
protons). The signal at loweest field is CHCl^ impurity. The integral 
trace shows 3 (for OH + NHg), and 3 protons.
N .N-Di-iso-propyl-N 1-hydroxyguanidine was prepared by adding 
free hydroxylamine in one portion to the methanolic solution of
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Fig. 6. I.R. spectrum of N,N-di-n-propyl-N! -hydroxyguanidine
(Nujol mull).
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Fig. 6A. PNR spectrum of N, N-di-n-propyl-N1 -hydroxyguanidine in (CDCI3),
60 Mcps.
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di-isopropylcyanamide. The reaction did not start immediately, it 
was somewhat slower than the others, and the product was obtained 
by leaving the mixture for a few days at room temperature as colour­
less needles# The yield was 4? Mass spectrometry gave m/e 1^ 1#
The infrared spectrum of the confound (Nujol mull), (Fig# 7) 
shows the following principal absorption bands; 3^60, 3310 (asyra# 
and symmetric NH^ ); 3180 (OH); 1690 (C=N); 1595 (N% deformation); 
906 (w) (N-0) and 765 cm“ 1 (ffiig + OH wagging).
The PJfft spectrum of N,N-di-isopropyl-N1 -hydroxyguanidine (Fig# 
7A) indicates that the sample used for measuring the spectrum was 
probably contaminated because of the incorrect ratio of NH and OH 
protons to CH protons and because of the appearance of two doublets 
from the methyl groups.
N»N-Di-n-butyl-H1-hydroxyguanidine formed large colourless 
prisms, when a solution of di-n-butylcyanamide in methanol was 
treated with free hydroxylamine and the mixture left at room temper­
ature for two days# The yield was 53 m/e 187#
In the infrared (Nujol mull ) (Fig. 8) the principal absorption 
bands are 3^ 55> 3300 (asymmetric and symmetric N^)* 315° (OH), 1690 
(C=N)f 1580 (NH2 deformation), 899 M  (N-0), and ?60 cnf^  (NH2 + OH 
wagging).
The PMR spectrum of N,N-di-n-butyl-Nf-hydroxyguanidine (Fig. 8A) 
shows unresolved fine structure, t(CDCI^) 9*5 (2-CH^ triplet), 8.6 
(2-CH2, two overlapped raultiplets), 7*4 (2-CH2N, two overlapped 
triplets), 4.55 (NH2 broad), and 4.^3 (OH protons). The signal 
shown at lowest field is from CHCl^ in^ purity. The integral trace
6k
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wavenumber
Fig* 7* I.R. spectrum of N,N-di-iso-propyl-N1 -hydroxyguanidine
(Nujol mull).
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Fig. 7A. PMR. spectrum of N# N-di-is o-propyl-N1 -hydr oxyguanidine in (CDCl^ ),
60 Mcps.
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shows 10 (6 + k)t k (2 + 2), and 3 (2 + 1) protons.
N.N-Dl-isobutyl-N1-hydroxyguanidine was obtained as large colour­
less rhombic crystals when a solution of di-isobutylcyanamide in 
methanol was treated with an excess of hydroxylamine and the mixture 
left over night. The yield was 59 m/e 18?*
The principal absorption bands in the infrared (Fig. 9) are 
3^ 95* 3320 (NH2 asym. and sym. stretchs), 3180 (OH), 1680 (C=N), and 
1590 cnH (NHg deformation).
The PMR spectrum of N,N-di-isobutyl-N1-hydroxyguanidine in 
CDCl^  (Fig. 9A) shows (starting from right to left), doublet at 
T 9*1 from 4(CH-^ ) split by the adjacent methine proton, a multiplet 
centered at T 8 .3 from 2(CH) coupled to both protons of the methyl 
and methylene, a doublet at r 7 .6 3 from 2(0^) split by the adjacent 
methine proton, a singlet at T 4,24 from NH2 protons, and a singlet 
at r3*77 from the OH proton. The last signal is CHCI3 impurity.
The integral trace shows (in the same order) 12, 2, 4, 2, and 1 
protons.
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Fig* 8* I.R. spectrum of N, N-di-n-butyl-N1 -hydroxyguanidine
(Nujol mull)*
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Fig. 8A. PMR spectrum of NfN-di-n-butyl-N* -hydroxyguanidine in (CDCI3),
60 Mcps.
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Fig. 9A.-PMR spectrum of N.N-di-iso-butyl-N1 -hydroxyguanidine in (CDCL^ ),
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E. 1,2,4—Cxa- and -Thia-diazoles from N,N-Disubstituted hydroxy-. 
guanidines
The cyclization of N,N-disubstituted hydroxyguanidines (Eq. 46), 
was effected using the conventional cyclization reagents, xdiich were 
originaly used to cyclize amidoximes and some other compounds which 
was discussed in chapter III section 2,
In the present work N^-diphenyl-E* -hydroxyguanidine was the 
first to be cyclized to 1,2,4-oxa- and -thia-diazoles using several 
different reagents, and this attempt was very successful, and led 
to many new compounds*
Ethyl chloroformate reacted with N,N-diphenyl-N1 -hydroxyguanidine 
to form 3~diphenylamino-1,2,4-oxadiazol-5-*one. This reaction could 
be accomplished by either of two routes. The preferable method was 
the one step procedure which saved time and gave a better yield.
When N,N-diphenyl-N1-hydroxyguanidine was refluxed with ethyl chloro­
formate in pyridine as a solvent the desired compound was formed in 
56 $ yield, (Eq, 46). It has lustrous pale creamy coloured crystals, 
m.p, 217-218°.
pyridine
(C5H^)2h-C-EH2 + ClCC^Et
NOH
>  (c6k5)2n, N-H
(49)
=0
Our first evidence for ring formation was the infrared spectrum 
(Nujol null), (Fig, 10). The product showed no absorption in the 
region at 3700-3100 crH indicating the disapearence of the ME? and
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OH stretching bands of the starting hydroxy guanidine, but the spectrum
showed a weak band at 2670 cm"** due to the ring N-H, the shift to
lower frequency probably arising from loose N-H bonding. The strong
-1absorption band at 1775 cm due to C=Q supported the keto structure,
A strong band at 1575 cm“ 1 could be attributed to ring stretch, and
a sharp medium band at 918 cm* 1 due to ring absorption#
The infrared spectra of 1,2,4-oxadiazoles have been studied by 
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Barrans, By examining a large number of these compounds he found 
that they have certain common absorption bands in the following 
regions; 1590 - 1560 cm"1, 1470 - 1430 cm"1, 1390 - 1360 cm"1,
1050 - 1070 cm"1, 885 - 915 cm"1, and 710 - 750 cm"1. He assigned 
the bands at 1560 - 1590 cm" 1 due to C=N, and at 885 - 915 cm" 1 due 
to N-0.
The formation of 3-diphenylamino-l, 2,4-oxadiazol-5-one by the 
above reaction was confirmed also by the PMR spectrum in acetone 
(Fig# 10A) which shows only two signals. There is a singlet from 
the phenyl groups at r 2.65 and a very broad signal centered at about 
r3*9i from the N-H proton. The integral trace shows 10 and 1 protons# 
The mass spectrum of 3-diphenylamino-1,2,4-oxadiazol-5-one has 
been briefly examined. We found that the most intense peak in the 
spectrum is the parent peak and it must represent the following ion;
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(m/e 253)* The stability of this ion agrees with the aromatic 
character of this hetrocyclic ring system, and the ring cleavage 
on electron impact, shown as (-— — ), gives (CCp)** >
[(C^H^NCHj ' , T( +» and ^ major fragment
ions*
The 3-diphenylamino-1,2,^-oxadiazol-5**one could also bo prepared^ 
though in lower yield, by a two-step procedure. By stirring a 
mixture of N,N-diphenyl-Nfhydroxyguanidine and ethyl chloroformate 
in 2:1 ether-chloroforrn as a solvent for half an hour, N,N-diphenyl-
N1 -ethcxycarbonyloxyguanidine was formed in 50 1° yield as colourless
° . » 
prisms, m.p* 102-103 (Eq. 50)I
PhpN -  C - 1'IHp ether PhoN - C - NH9
"  +  C I C O p E t    >  ( 5 0 )
NOH NO-C-OEt
n
The cyclization to the oxadiazole was then achieved by heating the 
ethoxycarbonyloxyguanidine to a little over its m.p* (Eq. 51):
PhpN —  C -  NH? ^  PhoN~--— N-H
■ -........... — — .— ^  || I + EtOH (5 i
N C = 0 N J = o
0-Et
The intermediate N,N-diphenyl-N!-ethoxycarbonyloxyguanidine is a new 
compound. Its infrared spectrum (Fig. 11) proved that the ethoxy- 
carbonyl group was attached to the 0 atom and not to the N, by the
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an ing
absence of^ O-H stretch}band, and the presence of IH2 stretching band
«•!at 3#90 and 33^ 0 cm * The rest of the spectrum shows; a split 
band at about 1?60 cm" 1 due to C=0 (the spiling presumably is the 
effect of syn and anti isomerism)^  a band at 1635 cm due to C=N 
stretch, a band at 1590 cijH  from HL, deformation, and a strong band 
at 1270 cnH due to O-C-O asymmetric stretch*
The PMR spectrum (Fig* 11 A) also confirmed the structure of this 
intermediate in showing the following signals (from left to right);
T  2*77 (singlet from the phenyl protons), r 5*3 (broad singlet from 
NHg protons), rS* 8 (quartet, J = 7 Hz from CHg coupled to the 
adjacent methyl protons), and r 8*7 (triplet, J = 7 Hz from the 
methyl protons)# The integral traces (same order) show 11 (10 aro­
matic 4* CHGI3 impurity), 2, 2 and 3 protons#
Another procedure, which was expected to improve the yield of 
3-diphenylaraino-1,2,4-oxadiazol-5-one gave instead a new compound 
proved to be c^ )onyl-di(M,N-diphenyl-N,-oxyguanidine), (I), as white 
crystals, m*p* 237-236°s
(C^HjgN - C * NO*CO*ON ss C - N(C6Hc) 2
•J \ f
m. HE
(I)
This resulted when N,N-diphenyl-Nr -hydroxyguanidine was refluxed 
with an excess of ethyl chloroformate in the absence of other solvent* 
The infrared spectrum of (I) (Fig* 12) shows the NH^  bands at 
3^60 and 3350 cmT^ , a strong carbonyl band at 1670 cbH (this shift
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Fig* 11* X*R. spectrum of NjN-diphenyl-N* -ethoxycarbonyloxyguanidine
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Fig* 11 A* PMR spectrum of N, N-diphenyl-N * -ethoxycarbouyloxyguanidine in
(CDCl^ ), 60 Mcps*
7k
to a lower frequency being a result of the hydrogen bonding), a C=N
band at 1635 cnT^, NHg deformation band at 1580 cirH , and O-C-O
-1asymmetric stretch at 1255 cm .
The PMR spectrum of (I) in CDCl^(Fig. 12A) contains a broad 
NH^ + NH absorption band underneath the envelope of the phenyl and 
the CHCl^ impurity band, centered at about - r 1 with the phenyl 
absorption at t2.6, and a broad N-H signal centered at r -1,5;the 
shift of the last to rather low field is caused by the internal 
hydrogen bonding. The integral traces show 2 k  ( k  x + NH^ +
NH + CHCl^ protons), and 1 NH proton.
Methylation of 3-diphenylamino-1,2,h-oxadiazol-5-dne with di- 
azomethane led not to the 5-methoxy-oxadiazole which was desired, 
but to the ^-methylated derivative (Eq. 52) •
(C6H5)oK—p--- N-H---------------------- (C6H,)„JJ-,--- N-CH,
II + CH2N?  ---- >  6 5 2 \ \  I 3 + Up
N J= 0 N J=0
(52)
Following a procedure in the literature, an ether solution of di- 
azomethane was prepared and added in small portions to a suspension 
of 3-diphenylamino-1,2,4-oxadiazol-5-one in hexane. The 3-diphenyl- 
araino-h-methyl-1,2,^-oxadiazol-5~one was formed in 86 - j yield as 
bright white crystals, m.p. 106-10?°.
Evidence for it being the N-methyl compound came from the infra-
A
red spectrum (Fig, 13)* which shows a strong absorption at 1770 cm , 
eliminating the possibility of Q-methylation.
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Fig* 12. I*R. spectrum of carbonyl diCNjN-diphenyl-N1 -oxyguanidine),
(Nujol mull).
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Fig. 12A. PM spectrum of carbonyl di(N, N-diphenyl-N1 -oxyguanidine in
(CDCI3), 60 Mcps.
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The PI® spectrum in CDCl^ confirmed this conclusion by showing 
(Fig. 13A) a singlet at t 7.18 from and a singlet at r 2.82
from the phenyls (this is complicated by the CHCl^ impurity band).
The integral traces show 3 and 11 (10 aromatic + 1 CHC1-) protons.
The parent peak in the mass spectrum of 3-diphenylamino-b- 
methyl-1,2,b-oxadiazol-5~one m/e 267 is prominent, but it is not 
the most intense one, the base peak is from the phenyl ion. Some
P i _j,
other major fragment ion peaks are from (CH^ ) , (CO) , (COg) * 
[(C6H5 )2N]+ , [(C6H5 )2HCN]+ , [(C6H5 )2NCN0]+ , and [ ( C g ^ N C B O g j f  
When the methylation was carried out in methanol, by adding 
the ether solution of diazomethane to a solution of 3-diphenylamino- 
1,2,4—oxadiazol-5-ohe in methanol instead of hexane, the yield 
obtained was only 2b $, and 55 $ of the starting material was 
recovered unchanged.
The methylation reaction and the spectroscopic results indicated 
that the predominant form of the parent system is the lactam and not 
the enol structure:
-C-
OH
"7r
-c-
i
HN
90
The same conclusion has been reported in the literature, that
3-ary1-5-hydroxy-1,2,b~oxadiazole should not be represented by
tautomeric equilibria but by the lactam structure. However the
91first discussion of this type of system by Falck in 1885 suggested
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Fig. 13. I.Re spectrum of 3-d.iphenylamino-4-methyl-1 #2f4-oxadiazol-
5-one, (Nujol mull).
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Fig. 13A. PMR spectrum of 3-diphenylamino-i|-Biethyi-1,2,/J-oxadiazol-5-one,
in (CDCI3), 60 Heps.
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the end form*
The methylation of 3-aryl~1,2,4-oxadiazol-5~ones was reported
and methylated to give the corresponding h-methyl derivatives. This 
structure was demonstrated by another synthesis via N-methylbenz- 
amidoxime•
Acetic anhydride provided a convenient route to the 1,2,h-oxa- 
diazole ring from an NfN-disubstituted-N*-hydroxyguanidine. Thus 
from N,N-diphenyl-N'-hydroxyguanidine, 3-diphenylamino-5-methyl-
1,2,h-oxadiazole was formed in 59 $> yield, (Eq* 53):
to heat, sublimes nicely without decomposition, is insoluble in water 
but soluble in most organic solvents, and soluble in warm acids from 
which it could be obtained unchanged by dilution.
The above cyclization reaction has been proved by the infrared 
spectrum of the product (Fig* 1h) which shows no absorption in the 
NH2 and OH regions, but strong absorption at 1590 cnH due to the 
ring stretch, and a medium intensity band at 885 cm"1 due to ring 
N-0 stretch. There are also a few other strong bands from the 
phenyl ring.
The PKR spectrum (Fig, 1^ A) shows only two singlets, at r 2*75 
from the phenyl protons mixed with CHCl^ impurity signal, and at
92
by Giorgio d’Alo in 19^3r a group of these compounds being prepared
The product appears as colourless prisms, m,p* 87°. It is stable
E20
CHj
wavenumber
Fig. 14.I.R. spectrum of 3-diphenylamino«5-^ ethyl-1,2,4-oxadiazole
(Nujol mull).
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Fig. 14A. PMR spectrum of 3-diphenylamino-5-®ethyl-1f2^-oxadiaaole in
(CDCI3), 60 Mcps.
'r 7 ,5 6 from the methyl protons*
The intensity of the molecular ion peak in the mass spectrum 
of 3-diphenylamino~5-methyl-1,2,4-oxadiazole indicates greater 
stability and hence more aromatic character than 3-diphenylamino- 
1,2fh—oxadiazol— 5-“One which was discussed on page 69. The molecular 
ion is the most intense peak in the spectrum which shows a large 
number of doubly charged ion peaks. The fragmentation is as follows:
and (K - CH3)+, j(C6H5)NCB2|+, ((C6H5)2HCK}+, [(C6H5)2Nc}+, [(C6h5)2n]+. 
(G^Hc)+» and (CH^CO)* are major fragment ions.
When succinic anhydride was used for the eyclization of N,N-di- 
substituted-Nf-hydroxyguanidine, a /?-carboxy ethyl group was introduced 
into the 5-position of the 1,2,^-oxadiazole ring* Thus N,N-diphenyl- 
N'-hydroxyguanidine gave 3-diphenylamino-1,2,4-oxadiazole-5-propionic 
acid in 7^ 1° yield (Eq. 5 ^ )  •
(c6h5)2n C -
I
WOH
2 ChT2*Cx= 0 xylene
P
CH -C = 0 & N •ch2ch2cooh
The product formed lustrous light creamy coloured flakes, m.p. 114°«
81
The methyl ester of this compound was obtained by two procedures:
1. When 3-diphenylamino-1,2,i!+-oxadiazole~5“P**opionic acid was 
dissolved in a slight excess of sodium hydroxide solution and the 
theoretical quantity of dimethyl sulphate was added and the mixture 
was heated on a water-bath with stirring, methyl 3-diphenylamino-
1,2,^-oxadiazole-5-propionate was formed in low yield (19 $),
(Sq. 5 5 ) i
(C^H???Nn  N (C6Hr)2K— — -N
| j + (CHo)pSOji, + NaOH --- > | | +
N. 0  ^ N. 0
(55)
! I
CH2CH2C00H CH2CH2COOCH3
CHyJaSO^  + H20
2, The above methyl ester was obtained in 100 cjo yield when an ether 
solution of diazomethane was prepared and added to a methanol solu­
tion of 3-diphenylamino-1,2,^-oxadiazole-5-propionic acid (Eq. 56):
( C ^H^ oN- t N ether- (C^H,)0N~1---- H
 ^ I I + CH2N2  >  o 5 2 ] —  j + (56)
0 h’ 0 ^
ch2ck2cooh ch2ch2cooch^
The methyl ester formed bright colourless needles, m.p, 69-70°*
Both the acid and its methyl ester derivative have been identified 
by spectroscopic methods*
The molecular ion of 3-diphenylamino-1,2,^-oxadiazole~5-pFopionic
82
acid at m/e 309 was a prominent peak in the mass spectrum. The next 
major fragment ion was (M - CHgC^COOH) .
The infrared spectrum (Fig. 15) indicates that the acid is in
•j
its dimer form, from the broad OH stretching band near 3000 cm
which is partly hidden by the CH stretching band. This distinctive
-1broad shoulder centered at 2700 cm is an overtone or combination 
band derived from interacting C-0 stretch and OH deformation vibra- 
tions. The strong band at 1 ? 1 6 cm“ is due to asymmetric C = 0 stretchy 
a strong band at 15^5 ckH due to ring C=N stretch, and the broad, 
medium intensity band at 920 cm due to out of plane OH.... 0 
hydrogen deformation.
The PKR spectrum of the acid in CDCl^ (Fig* 15A) shows three 
signals comprising a broad low field signal centered at about 
r -0.73 from the carboxylic group proton, the singlet at *r 2 .72  
from the aromatic protons and the centro-symmetric signal at r7*2 
from the two CHg group protons. This signal arises from the A A l X X ! 
situation:
K£ %
I i
R ® ring R— C C— C00H
I I
Ha s Hx,
One chemical shift A = AJ, another chemical shift X = Xf. But there 
are two Jj^ y denoted as J^y = JA!yi and J^ yi ~ JAfX* There are a l s o  
J t and J j  •
The theoretical AAf XX1 second order spectrum may have $6 lines
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Fig. 15. I.E. spectrum of 3-diphenylamino-1,2,4-oxadiazole-5
propionic acid (Nujol mull).
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Fig. 15A/FMR spectrum of 3-diphenylamino-1,2,4-oxadiazole-5-propionic acid
in (CDCl^), 60 Mcps.
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from the four interacting nuclei. Many of these lines may have zero 
intensity, many may be so weak as to be unobservable, or may be 
nearly superimposed on other lines#
The integral trace in the acid spectrum shows 1, 11 (10 aromatic 
+ 1 CHGl^ impurity) and 4 protons.
The most intense peak in the mass spectrum of methyl 3-diphenyl- 
amino-1,2,4-oxadiazole-5~propionate is the molecular ion m/e 323: 
other major fragment ions are (M - CI^CHgC O O C H ^, j( C^H +, and
(c6H5)+ .
There are three characteristic bands in the infrared spectrum
•i
of the methyl ester (Fig# 16); the strong absorption band at 1730 cm** 
due to the C=0 stretching frequency, at 1595 cm"^  due to ring C=N 
stretch, and at 1165 cm*^  due to C-0 asymmetric stretching frequency 
(the C-0 next to carbonyl is stiffer than the other single bond due 
to resonance which tends to localize the high vibration in the C-0 
band)•
The PMR spectrum in CDCI3 (Fig, 16A) proves that esterification 
occured, in that there is a CH^O singlet at i'6,34 and no signal 
from the carboxylic group proton. The other signals are the singlet 
at <2,72 from the aromatic protons mixed with a signal from CHCl^ 
impurity, and the centro-symmetrical multiplet centered at v 7 ,0 7  
from the two CKg* This last is another example of MlXX* coupling#
The integral trace shows 4, 3» and 11 (10 aromatic + 1 CHCl^) 
protons#
The introduction of sulphur atoms into the diazole ring to 
obtain the 1,2,4-tiadiazole~5*-thiol has been perfected, and this led
85
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Fig. 16. I.E. spectrum of methyl 3-diphenylamino-1,2,4-oxadiazole.
5-propionate (Nujol mull)*
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Fig. 16a. PMR spectrum of methyl 3-diphenylamino-1,2,^-oxadiazole-5-propionate
in (CDCI3), 60 Mcps.
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to 5-^ethylthio compounds. N,N-Disubstituted-Nf-hydroxyguanidine 
has been cyclized to 1,2,^-thiadiazole using carbon disulphide.
When a solution of N,N-diphenyl-N!-hydroxyguanidine in alcoholic 
potassium hydroxide was treated with carbon disulphide, the product 
obtained was 3-diphenylamino-5-®ercapto-1,2,^-thiadiazole (Eq. 57)i
(C6H5)2N - c - nh2 KOH
cs.
NOH
■>
(c6h5)2K-
N L ( 5 7SH
This formed white lustrous crystals, in 67 i° yield, rn.p. 185 after
shrinking at 175°*
The mass spectrum of the product has been briefly examined.
The P + 2 peak indicated there were two S-atoms in the molecule,and
the molecular ion was the most intense peak in the spectrum, at m/e
285, which indicated a stable ring ion. The next intense peak was
from the (M - SH) fragment ion, evidence of the thiol structure.
Other major fragment ions were: fCc^ H^ JgNCilSj*, fCC^H^NCNj*,
(C6H 5 )+ a n d  [ ( C i H s) h ] \
The infrared spectrum of 3-diphenylamino-5-me^capto-1,2,4-thia-
diazole (Fig* 17) shows a weak band at 2750 cm“  ^due to S-H stretch-
-1ing vibration, a strong absorption at 1230 cm due to S-H ?, a
■}
strong absorption at 1550 cm due to ring C=N stretch and a medium
intensity band at 855 cm due to S-H deformation.
The infrared spectra of 1,2,4-thiadiazoles have been studied
78 93 78by Goerdeler. * By examining the monosubstituted ring, he
stated that "The aromatic hydrogens are clearly recognised at 3030
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1 —1 cnT %  and he assigned the strong band at 1430 cnT due to a ring
vibration on the basis of numerous other thiadiazole spectra#
9 4
In 1964 Goerdeler and Hammen reported the following: In the
infrared spectra of methylthiadiazoles, R. N
-1etc#, there are 7 common groups of bands below 2000 cm :
1480 - 1500 s-vs 5. 1175 - 1180 m-s
2. 1430 - 1450 m-s 6* 950 - 985 w
3. 1370 - 1375 w-za 7# 780 - 820 w-m
4. 1220 - 1295 s-vs
The groups 2 and 3 are probably CH-deformation vibrations, and the 
groups 1, 4 and 7 are assigned to the ring system, as they occur 
also with other substituted thiadiazoles.
The PMR spectrum of 3-diphenylamino-5~mercapto-1,2,4-thiadiazole 
(Fig. 17A) confirms the structure by showing a singlet at rl.81 
from the SH proton (see Fig 10A f®r NH proton), and at r 2.78 from 
the phenyl protons. The integral trace indicates 1 and 10 protons.
Methylation of 3-diphenylamino-5-mercapto-1,2,4-thiadiazole 
with diazomethane led to the 5-^athylthio derivative as was hoped.
The product formed colourless prisms, m.p* 95-98°, and the yield
was 67 $ (Eq. 58)
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Fig* 17. I.R. spectrum of 3-diphenylamino-5-mereapto-1 c2c4«thiadiazole
(Nujol mull).
j T: r-r-- r -i
SH
Fig. 17A. P M  spectrum of 3-diphenylamino-5-mercapto-1,2,^ -
thiadiazole in Acetone, 60 Mcps.
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This structure for the product has been confirmed by spectro­
scopic methods. The ring cleavage on electron impact was similar 
the
to that ofj5-thiol compound. The molecular ion peak was the most 
intense one at m/e 299 t and the other major fragment ions were:
(M - SCH3)+, [(C6H5)2NCNs}+, [(C6H5)2NCN]+, [(C6H5)2n1+ and ( C $ i 5 ) + .
The infrared spectrum (Fig, 18) shows two strong absorption 
bands as shoulders on each side of the nujol band, the ring C=N
stretch at about 1500 cm"^, and the thiadiazole ring stretching at
1 "*1about 1440 cm"'. There are two medium intensity bands at 133© cm
due to S-CH^ symmetric deformation, and at 1060 cm"^  due to S-CH^ 
rocking,^
The PMR spectrum of 3-diphenylamino-5-methylthio-1,2,4-thiadi- 
azole in CDCl^ (Fig, 18A) shows two singlets, at t '2,72 from the 
phenyl protons and at T 7 » ^ 3  from SCH^ protons (Note; TMS was at
r 10,06). The integral traces show 10 and 3 protons.
To complete our discussion of the methylation reaction, let us
consider first the tautomeric equilibrium between the two stuctures
for the 1,2,4-thiadiazole ring:
H-N
-c'
I
SH
Since the sulphur atom is more polarizable than the nitrogen, and 
is therefore likely to facilitate <7Jr-delocalization, this causes a 
shift of the equilibrium to the right. The reaction with diazo-
90
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Fig, 18. I.R. spectrum of 3-diphenylamino-5-^ etbylthio-1,Z,^ -thiadiazole
(Nujol mull).
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Fig. 18A, PMR. spectrum of 3-diphenylaraino-5-methylthio-1,2,ip-thiadiaz0le in
(CDC13), 60 Mops
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methane proceeds by an ionic mechanism as follows:
rN
S
L  +S” H
+ •• «» +
CH2 = N = N -4--- >  CH2 - N s N
H+
V'
- s \  ^ C H o - N s N  
3
— C — rr'N
■ > ! . ! +
Nv  S
S-CH^
So far we have been discussing the cyclization of N,N-diphenyl- 
N*-hydroxy guanidine with several reagents*
Difficulties, however, were encountered in the attempts to 
cyclize N-methyl-N-phenyl- and h-ethyl-K-phenyl-N* -hydroxyguanidinest 
for example# Thus the products from the reaction with succinic 
anhydride, although, by spectroscopic evidence seemingly in order, 
were not obtained analytically pure and this work needs more in­
vestigation#
All attempts to cyclize any of the N, N-dialkyl-H1 -hydroxy­
guanidines listed in Table II with many reagents were unsuccessful*
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However, this was not unexpected for it is well known that amidoxime 
cyclization only proceeds to completion for arylamidoxime compounds 
and that for the alkylar.iidoximes the reaction is complicated: no
Aj,
purely dialkyl-1,2,h-oxadiazoles have been described. It also 
proved impossible to isolate in a pure state hydroxyguanidines 
derived from pyrrolidine or piperidine.
However by our indirect procedure, described below, we were 
able to obtain 3-cycloalkylimino-1,2,h-oxadiazoles and some other 
monosubstituted arylamino-1,2,4-oxadiazoles from the corresponding 
cyanamides*
When a solution of N-cyanopyrrolidine or K-cyanopiperidine in 
pyridine was treated first with free hydroxylamine in the cold, and 
then with ethyl chlorofornate, and the mixture then refluxed for 
some time, the desired compounds were formed, but in low yields 
(Eqs. 39 & 60).
1. NH20H 2. ClC02Et
3-Pyrrolidino-1,2,b-oxadiazol~5-one (Eq. 59) formed colourless 
prisms, m.p. 190-191°, and the yield was 16
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The infrared spectrum (Fig* 19) has a strong absorption at 
1780 crrH, suggestive of a keto structure, a strong absorption at 
1630 cm~^  due to the ring C-N stretch, and a sharp medium-intensity 
band at 930 crn"^  due to ring N-0 stretch* The weak absorption at 
2730 cm~1 is unexpected and not readily assigned.
The PMR spectrum (Fig. 19A) shows three signals, a triplet at 
t 8.0 from the two CH£ protons, a triplet at ^ 6 .65 from the two 
methylene group protons adjacent to the N atom (two CH^ N), and the 
broad signal centered at about t -0*75 from the N-H proton. The 
singlet at T 2,7^ is from CHCl^ impurity. The integral traces show 
and 1 protons*
The molecular ion peak at m/e 155 was prominent in the mass 
spectrum. Other major fragment ions were: (C^ H^ N) , (CONHC) ,
(C0N)+, and (C0)+.
3-Piperidino-1,2,A-oxadiazol-5-one (Eq. 60) also formed colour­
less prisms, m.p. 121-122°, in 20 $ yield. That the compound exists 
in the keto form was indicated by the infrared spectrum (Fig. 20)
•j
which shows absorption at 17^ 5 cm due to the C=0 stretch, and
—1 1absorption at 3230 cm due to N-H. The strong band at 1615 cm*”
is due to ring C-N stretch, and there is a sharp medium-intensity
band at 908 cm"^. The infrared spectrum thus showed surprising
frequency differences from that of the preceeding analogue: the
reasons for this remain unclear. It is hardly to be expected that
different tautomeric forms would be adopted.
The PMR spectrum of this compound (Fig. 20A) shows three signals 
and the CHCl^ impurity signal. The two unresolved triplets at nr 8 ,3 6
9>t
wavenumber
Fig* 19* I*R* spectrum of 3-pyrrolidino-1,2t4-oxadiazol-5-one
(Nujol mull)*
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Fig* 19A* PMR spectrum of 3-pyrrolidino-1,2,^-oxadiazole-5-one in (CDGlj)t
60 Mcps*
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and t 6 .7 6 were from the three equivalent methylene protons removed 
from the N-atom, and the two equivalent methylenes adjacent to the 
N-atom, respectively. The low field broad signal centered at about 
t -0.^5 was from the ring N-H proton, and the integral traces show 
6, 4, and 1 protons.
The molecular ion peak in the mass spectrum of 3-piperidino-
1,2t^ -oxadiazol-.5-ofre at m/e 169 was the most intense one. The
spectrum shows similar fragmentation to that of the 3*-pyrrolidino
+  -f-compound, the major fragment ions being (C^ H^ N) , (CONHC) , (NCO) , 
and (C0)+.
The indirect procedure which has been discussed above was used 
to convert N-cyano-p-anisidine to 3-^onosubstituted-amino-.1,2,4-oxa- 
diazoles. This involved treating the solution of N-cyano-p-anisidine 
in pyridine first with hydroxylamine in the cold and then with the 
cyclization reagent. For this purpose two reagents were used:
1. Ethyl chloroformate, which led to 3-£-anisidino-1,2,^-oxadiazol- 
5-one (Eq. 61), in % yield based on the cyanoanisidine used. The 
product formed light creamy coloured lustrous crystals which melted 
at 17^-175° after shrinking at 168-170°.
The infrared spectrum (Fig. 21) of the product supported the 
keto structure of the ring in that there is a strong absorption at
(61)
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Fig* 20. I.R. spectrum of 3-piperidino-1,2,^ --oxadiazol-5-one
(Nujol mull).
Fig. ,20A. PMR spectrum of 3-piperidino-1,2t4-oxadiazol-5-one in (CDCI3),
60 Mcps.
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1
1760 cm” , The principal absorption bands are: 3^20 (N-H side 
chain), 33^5 (ring N-H), 1650 (C=N), and 1260 crH ( the aromatic 
ether C-0).
The PMR spectrum of 3-P-anisidine-1*2,h-oxadiazol~5-one (Fig. 
21A; note that TMS is at *r 9.5) shows a singlet at ^6,1 from the 
OCH^ protons, a broad signal centered at t 5«76 f r o m  t h e  NH proton 
(at position 3)1 a^d a quartet centered at f 2.8 from the four 
aromatic protons.
NH*»R R = ring
This system of two paizy of non-equivalent protons gives rise 
to an AB quartet rather than an AA’BB* pattern because the para 
couplings are very small or zero. The AB quartet is intermediate 
between the AX system which give rise to a pair of doublets of equal 
intensity, and the A2 system which gives a single line. In the AB 
system the two doublets, are symmetric about the mid-point of the 
spectrum, but the inner two peaks have increased in intensity at 
the expense of the outer two peaks, which decrease. The shift 
position of each doublet is no longer midway between their peaks 
but is at the center of gravity, which can be determined precisely 
by the following formula. With the lines labelled as shorn:
98
2 3
(3 - ^ ) = (1 - 2) = in c/s
(1 - 3) = (2 - 4) = J (&V)Z + J2
The shift position of each proton is & y / 2  from the mid-point of 
the pattern.
Using the above equations the following were calculated:
JAB = 9 c/s 
A y  = 15.6 c/s = 0.26 p.p.m. at 60 Mc/s
2.8 + 0.26T for (B doublet)
2.8 - 0.26 T for (A doublet)
C.G.
The ring NH is probably at low field which has not been scanned 
The integral trace shows 3$ t, and 5 aromatic + 1 CHCl^  impurity) 
protons.
The most intense peak in the mass spectrum was the molecular 
ion, m/e 207. Other major fragment ions were: (M - C02)+» (CH^ OC^ H^ -
99
CH.O- -NH-
wavenumber
Fig# 21 • I.R. spectrum of 3-£-anisidino-1,2,4-oxadiazol-5-one
(Nujol mull)#
CH«Q*
!. ill-
MS-
Fig. 21 A. PMR spectrum of 3-£~anisidino-1,2,^ -oxadiazol-5-one in (CDCl^ ),
60 Mcps.
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NHCN)+, (CH3OC6H4N)4*, (CH20C6H^)+f and (C02)+.
X
2* Acetyl chloride reacted with N-cyano-p-anisidine and hydroyl- 
amine in pyridine to give 3-p-anisidino-.5-*riethyl~1,2,4-oxadiazole. 
The product formed colourless prisms in 32 $  yield, based on the 
cyanoanisidine used (Eq* 62):
/yrq\ NHoOH ClCOCHo
CHoo J f  )VNHCN — ------>    CHoO-/f ---— N
3 pyridine A  3 T| II (62)
When an excess of acetyl chloride was used in the above reaction 
a compound was obtained in 47 % yield which was identified by the 
elemental analysis, infrared, PMR and mass spectrum as (II),
CH3O NH - C ~ N (COCHq)o
n 3 ^
NOH
(II)
The infrared spectrum of 3-£~anisidino«5-m®thyl~1f2f4-oxadiazole
(Fig, 22) shows a weak absorption band at 3350 cirH due to NH stretch,
a medium-intensity band at 1580 cirH due to ring stretch, at 1230 cm“^
—1due to aromatic etner C-0 stretching, and at 900 cm due to ring N-0 
stretch.
The PMR spectrum of 3-P-anisidino-5-methyl-1,2,4-oxadiazole 
(Fig. 22A) shows from right to left: a singlet at t 7 ,5 from the ring
101
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wavenumber
Fig. 22. I.R. spectrum of 3-£-anisidino-5-methyl-1,2,^-thiadiazole
(Nujol mull).
CH.
Fig. 22A. PMR spectrum of 3-£-anisidino~5~Kethyl-1,2 ,^-oxadiazole in (CDCI3),
60 Mcps.
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CK^  protons, a singlet at r 6 .2 from OCH^ protons, and the two
doublets from the four aromatic protons at about -r 3 • 1 and 2 .65
(with J =9 c/s). These two doublets represent another example of 
an AB system, but in this case the chemical shift is rather larger 
than the coupling constant so that & y  can be determined directly 
from the spectrum with reasonable accuracy* There is a broad signal 
underneath the aromatic doublets centered at about r 3*15 from the 
NH proton* The integral traces (the same order) indicate 3> 3> and
6 (1 NH + 4 aromatic + 1 CHCl^ impurity ) protons.
The most intense peak in the mass spectrum of this compound was 
the molecular ion at m/e 205, and the next most intense one was 
(M - CH^)+, whilst some other major fragment ions were from (CH^O- 
C6%NHCN)+, (CH3OC6H/4.NC)+j (CH^OC^H^N)* and (CP^OC^)*.
Compound (II) has not been reported previously. The infrared 
and PMR spectra proved that both acetyl groups were attached to the 
N-atom. The infrared spectrum (Fig. 23) shows the following absorp­
tions: a broad band resulting from overlap of the 0-H and the N-H 
stretching bands at about 3300 and 3400 cm"^  respectively. There
4
are two strong bands at 1750 and 1688 cm due to C=0 stretching in 
the diacyl iroide grouping* The other principal absorption bands
A
are 1650 (C=N) and 1230 cm" broad (C-0-C asymmetric stretch).
The P M  spectrum of (II) (Fig* 23A) shows from right to left: 
a singlet at '7*7*72 from the two COCH^ protons, a singlet at -r- 6.17 
from the OCH3 protons, an AB quartet at T2.54 and 3*08 (with J = 9 
c/s) from the four aromatic protons - the signal within the quartet 
is from CHCl^ impurity - a broad signal at *r1*58 from the NH proton
That the OH group was free was indicated by a dark greett colour 
given itrnnediately with ion (III) cbloride.
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wavenumber
Fig. 23. I.E. spectrum of N,N-diacetyl-N1 -hydroxy-N1 -p-methoxyphenyL
guanidine (Nujol mull).
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Fig. 23A. PMR spectrum of N,N-diacetyl-N1 -hydroxy-N11 -p-methoxyphenyl-guanidine
in (CDCI3), 60 Mcps.
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and one at T 0,33 from the OH proton. The integral traces (the same 
order) indicate 6, 3> 5 (4 aromatic + 1 CHCl^), 1 and 1 protons.
Before we end this section of our dicussion, we have to mention 
the behaviour of our new compounds in the Diels-Alder reaction.
Indeed we have tried this reaction of several dienophiles e.g. maleic 
anhydride, acrolein, dimethyl acetylenedicarboxlate, p-benzoquinone 
and tetracyanoethylene, with most of the new t,2,4-oxadiazoles, 
applying many different solvents, and conditions including using
u.v-radiation. However, we found no evidence of an addition reac­
tion in any of the experiments and in many cases the oxadiazole was 
recovered unchanged. This result indicates that the 1,2,4-oxadi- 
azole ring, firstly is stable, and secondly is not a simple cyclic 
diene system but is a ring of atoms so linked that the ir-electrons 
are delocalised right round the ring. In other words it behaves as 
an aromatic ring and is evidently more aromatic, even when substi­
tuted with two electron donating +E groups as in (62), than furan, 
for example,
3* Synthesis and Cyclization of N,N-Di-alkyl- 
guanidine hydrobromide
In this section the cyclization of di-alkylguanidine hydrobromides 
is described. This was effected using trichloromethanesulphenyl 
chloride* Our particular interest in this reaction was to introduce 
a dialkylamino group into the 3~position of our 5-raembered 1,2,4-
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thiadiazole ring, having a Cl-atom in the 5-position. This was 
successfully accomplished and rendered our new compounds biologicaly 
active, as expected. On the other hand replacement of the chlorine 
atom in the 5~position of the ring by other groups e.g. NH2, OCH^ , 
morpholino, piperidino etc... led us to a large number of new 
compounds, and it is hoped that these also may have useful biologi­
cal activity. It is hoped that the compounds can be tested in due 
course.
The synthesis and cyclization of N,N-di-alkylguanidine hydro­
bromides involved three steps. The following equations outline 
these:
dry ether
2 HgNK + BrCil R^N-CN + R2NH.HBr (63)
R2NH + HBr >  R^NH.HBr (63A)
abs. EtOH
RgNH.HBr + NH2CN ^  R2N - C - NHg.HBr (64)
NaOK
A. Secondary Amine Hydrobromides
The secondary amine hydrobromide salts (Sq. 63 & 63A) were obtained
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in two different ways: Firstly as by-products from the reaction of 
two moles of secondary amines with one mole of bromocyanogen in dry 
ether. The amine hydrobromides separated out as white solids, and 
the cyanamide products remained in the ether solution.
The second procedure was direct preparation. Either a slight 
excess of hydrobromic acid was added slowly with cooling and stirring 
to the secondary amines and the aqueous mixtures evaporated to dry­
ness with a rotary evaporator, or hydrogen bromide gas was passed 
through a solution of the amine in dry ether with cooling, during 
which the amine hydrobromide separated out and was filtered off.
By these two methods the hydrobromides of: ethylphenyl-, diethyl-, 
di-n-butyl-, di-n-propyl-, and di-iso-propyl-amines, and of pyrrolidine 
and piperidine were prepared,
B. N.N-Disubstituted- guanidine Hydrobromides
The disubstituted guanidine hydrobromides (Eq. 64) were obtained 
from the reaction of the secondary amine hydrobromide salts with 
cyanamide in absolute ethanol. Increasing the refluxing time of the 
mixtures gave improved yields up to about 100 fo in some cases. Di- 
iso-propylamine hydrobromide did not react with cyanamide and the 
di-iso-propylamine hydrobromide was recovered unchanged, a possible 
explanation being the steric hindrance of the alkyl groups around 
the nitrogen atom.
In Table III are summarized % yield, melting point, formulas 
and the elemental analysis of four, not previously reported, disubsti-
10 7
tuted guanidine hydrobromides. They are: N-ethy1-N-phenyl, N,N- 
tetramethylene, N,N-di-n-propyl, and N,N-di-n-butylguanidine hydro­
bromides.
TABLE III
Preparation of NsN-Disubstituted guanidine Hydrobromides
abs. EtOH
HR1NH.EBr + NH£CN ---  ^  RR1.C(:NH).NH2•HBr
R R' Yield
C°
M.p. Formula
f— - Calculated % --^
C H Br N
—-.»■ Found  ^„-t- ■
'C H Br
c6h5 C2H5 91 189 CpH-j ^BrN^ 44.3 5.8 32.7 17.2 44.4 5 .7 3 2 .8 1
- N o 68 156 c5H12BrN3 30.9 6 .2 41.2 2 1 .6 31.1 6.4 41o3 2
n-C^Hy 11-C3H7 89
i
167 C7Hl8BrNT3 37.5 6.1 35.7 18.8 3 7 .8 7 .8 35*8 1
■
99 |
ii
146 c9K22BrN3-42.9 8 .8 31.7 16.7. 43.3 8 .5 3108 '
In the following four pages the infrared and PMR spectra of 
three of the compounds listed in Table III are shown. They are the 
hydrobromides of N-ethyl-N-phenyl- (Fig. 24 and 2 k A ), N,N-di-n- 
propyl jFig. 25 and 25A (i) and (ii)j and N,N-di-n-butyl guanidine 
(Fig. 26 and 26a).
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CHfCH*I
CjH.-N- C- NH.-HBr
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NH
wavenumber '
Fig. 2*f. I.E. spectrum of N-ethyl-N-phenylguanidine hydrobroraide
(Nujol mull).
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Fig. 2^ A. -PMR spectrum of N-ethyl-N-phenylguanidine hydrobromide in (CDCI3),
60 Mcps.
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(CHjCH3CH,)j n- c-nh, 
NH-HBr
wavenumber
Fig. 25. X.R. spectrum, of N,N-di-n-propylguanidihe hydrobromide
(Nujol mull).
(ch3ch2ch2)2 n- c-nh2
NH-HBr
2xCH,
Ex CH.
Fig. 25A(i). PMR spectrum of H,N-di-n-propylguanidine hydrobromide in (GDCI3),
60 Mcps.
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Fig. 25A(ii)
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(ch3ch2ch2ch2)2n . c -nh2
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wavenumber
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Fig* 26. I*R. spectrum of N,N-di-n-butylguanidine hydrobrobroside
(Rujol mull).
(CH3CH2CH2CH2)2N - c • nh2 
NH-HB,
CH.L, i*2
Fig. 26a. PMR spectrum of N,N-di-n-butylguanidine hydrobrobromide in (00013)9
60 Mcps.
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Synthesis of 3-Dialkylamino-S-substituted-1,2.9—thiadiazoles
The reaction of trichloromethanesulphenyl chloride with H,N-disubsti- 
tuted-guanidine hydrobromides in basic solution at low temperature 
results in rapid cyclization of the K,N-di-substituted-guanidines and 
production of 3-di-subs tituted^amino-5-chloro-.l12,9—thiadiazoles.
the
This procedure was previously reported for^  preparation of 3-alkylthio-
96
5-chloro-1,2,9—thiadiazole.
Because of the time limit, only two of the guanidine hydrobromides 
listed in Table III have been cyclized and the products identified.
The others have been left for future work. The two compounds are 
N,N-di-n-propyi and N,h-di-n-butylguanidine hydrobromides, and their 
cyclisation reactions are shown in the following equations:
HH.HBr
(n-C^H9)2N - G - NH2
NH.HBr
NaOH
+ CCl^SCl
(n-C3H7 )2N. r — iN
I ) (66)
N i— G1
(n-Ci+H9 )2H - p  ,N
K lLcl
(6?)
The products were obtained from their reaction mixtures by steam 
distillation: they formed stable pale yellow liquids, having high 
boiling points and a characteristic odour. The yields were rather 
low, and the reason for this and the mechanism of the reaction were 
discussed on pages 9-3,94. However we were able to improve the yield
113
by about 10 $ with some modifications.
In this reaction our first evidence for ring formation was the
infrared spectra* The products showed no absorption in the region 
-13000 to 5000 cm indicating the disappearance of the NH and NHg
groups of the starting guanidines (spectra Fig. 25 and 26), and
showed no absorption in the region 1600 to 1700 cm due to NH^
deformation and C=N stretching of the guanidines. Instead the
products showed evidence of an aromatic ring system, because they
showed strong bands at 1555 cm“ 1 due to ring vibrations, and medium
- 1intensity bands at 1050 and 1060 cm (for the dipropyl and dibutyl 
compounds, respectively), due to the ring bearing a chlorine 
substituent. Similar bands for aryl-halides are found at 1096 to 
103^ cm"1.
5-Chloro-3-di-n-propyl-1,2,^-thiadiazole was obtained (Sq. 66)
^  o •
in 29 % yield, b.p. 80-81~/0 .7 mm. It showed remarkable stability,
and in attempt to replace the chlorine atom by the NHg group, in 
which the compound was boiled under reflux for many hours with 
concentrated ammonium hydroxide, it was recovered unchanged. How­
ever, the substitution was very successfully achieved by another 
procedure, which will be discussed later#
The infrared spectrum of 5-chloro-3-di-n-propyl-1,2,4-thiadi- 
azole (Fig 27) shows two principal absorption bands: at 1555 (ring 
vibration), and at 1050 cm" '1 (ring C-Cl stretch).
The PMR spectrum of the compound (Fig. 27A; note that TMS is 
at r 9.93) shows three multiplet signals, all with J = 7  c/s: a 
triplet at T 9.1 (from two CH^ ), a multiplet centered at t8.37'
m1 i
Fig. 27. I.E. spectrum of 5-chloro~3~di-n-propylamine>-1 s2 :^ -thiadiazole
(Liquid film).
) 2 3 4 5 6 7 8 9 10 P.
0 10 20 30 40 50 60 70 80 90 100 Ul
Fig. 27A. PMR spectrum of 5-chloro-3-di-n-propylamino~1,2,4-thiadiazole in
(CDCl^ ), 60 Mcps.
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(from the two middle CH2 groups), and the triplet at t  6.55 (from 
the CKg groups adjacent to nitrogen). The disappearance of the 
(2-NH2 )+ signal [see Fig, 25A(i)J was in accord with cyclization.
The last signal in the spectrum is from CHCl^ impurity. The integral 
traces accord with 6, ty, and ^ protons.
By mass spectrometry, the molecular ion peak at m/e 219 was 
not intense. This compound is being tested for biological activity.
Replacement of the chlorine atom in the 5-position of the ring 
of 5-chloro-3-bi-n-propylamino-1,2,4-thiadiazole by an NHg group was 
effected in 100 fo yield, when the compound was treated with an excess 
of liquid ammonia under pressure in a Carius tube heated at 50° for 
eight hours. 5-Amino~3-di-n-propylamino-1,2,4-thiadiazole was formed, 
as white lustrous flakes, m.p. 133-133*5» (Eq. 68). It is hoped that
press.
(n-C3H?)2N~p— + liq.-------------(n-C^H^N-,---- N (68)
l| II £ II II
N >-Cl N ! L-NH9
+ NH^ Cl
this compound will be tested for carcinostatic activity, for some 
related 1,3 ,^ -ijiadiazoles have been found to have this kind of 
activity.
The infrared spectrum of the compound (Fig. 28) shows two sharp 
bands, at 3150 and 33^0 cm , due to the NH2 symmetric and asymmetric 
stretching, respectively, a medium band at 1638 crrf^ due to NH2 
deformation, the strong, ring stretching band at 15^5 cmH , and the
116
-1broad band at 735 era due to the NH2 wagging.
The PMR spectrum of 5~Amino-3-di-n~propylamino-1,2,h~thiadiazole 
(Fig. 28A) shores (from left to right) the CHCl^ impurity signal, a 
broad signal at from the NH2 protons, a triplet at t 6.61
plet at "fS.A (J = 7 c/s) from the pair of middle methylene groups 
and a triplet at ^9.11 (J = 7 c/s) from the two methyl groups. The 
integral traces show 2, 4, and 6 protons.
5-Amino-3-di-n-propylamino«-1,2,^-thiadiazole behaves in a 
characteristic manner on electron impact, giving three very intense 
peaks in the mass spectrum. Two of these fragment ions have equal 
intensity, apparently arising from cleavage of ethyl and propyl 
groups to give (M - CgHc,)* and jh - (C2Hc; + CyLp^ J ion peaks re­
spectively. The third, which has a little less intensity, is the 
molecular ion peak at m/e 200. Another smaller peak corresponds to
In another reaction the Cl-atom of 5~chloro-3~di-n-propyl-
1,2,4-thiadiazole has been replaced by a methoxy group. Thus the 
compound was allowed to react with sodium methoxide (obtained by 
adding one equivalent of metallic sodium continuously in small pieces 
to an excess of methanol), 3-di-n-propylamino-5~me^toxy-1,2,^-thia- 
diazole was formed in a quantitative yield as a colourless liquid, 
b.p. 110° / 2,5 mm (2q„ 69).
(J = 7 c/s) from the methylene groups adjacent to the N-atom, a multi-
+ NaOCH.l3
S
N
+ NaCl
-QCH^
(69)
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wavenumber
Fig. 28. I.E. spectrum of 5-sraino-3-di-n-propylamino-1,2,4-thiadiazole
(Kujol mull).
( CH3 CH2 CH2)2N-|=-jl
NH.
-H
Fig. 28A. PMR spectrum of 5-amino-3~di-n-propylamino-1,2,4-thiadiazole in
(CDCl^), 60 Mcps.
The infrared spectrum (Liquid film), (Fig. 29) shows character­
istic bands (other than the usual carbon-hydrogen stretching bands
—1from the alkyl side chain) at 1555 cm due to the ring stretching,
1 1 at 1245 cm" 1 due to ring-C-0 stretch, and at 985 cm- due to
methyl-C-0 stretch. Similar ether bands were found for an alkoxy
-1 98substituent on an aromatic ring at 1310-1210 and 1050—1010 cm .
The PI© spectrum of 3-di~n-propylanino-5~nethcxy~1,2,4-thiadi- 
azole (Fig. 29A) shows four signals (from left to right) - the 
singlet at t 5*95 from the OCH3 group, a triplet at ^ 6.58 from the 
two methylenes adjacent to nitrogen, the multiplet centered at 
about •** 8 .3 7 from the pair of middle CH£ groups, and the triplet at 
t 9.1 from the two CK3 groups (with J = 8  c/s for the last three 
signals). The integral traces indicate 6, 4, 4, and 3 protons.
5-Chloro~3-di~n-butyiamino-1,2,4—thiadiazole was obtained
o
(Eq. 67) in 30 4 yield as a pale yellow oily liquid, b.p. 95-96 /
0.5 him. This compound has been tested for biological activity and 
it was found active as a nematocide, controlling root-knot completely 
at 125 ppm, but not at lower dosage. It showed no activity as a 
herbicide or as a fungicide. More work has to be done to improve 
its activity at lower dose, by increasing or reducing the size of 
the alkyl grouping or probably by substituting on these chains other 
groups or atoms such as Cl.
Similarly the Cl-atom in the 5-position of 5-chloro-3~di~n~ 
butylamino-1,2,4-thiadiazole has been replaced by amino and methoxy 
groups using the same procedures as described above for the 3-di-n- 
propyl analogue: thus by the reaction with liquid ammonia under
119
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Fig. 29. I.R. spectrum of 3-di-n-propylamino-5«-methoxy-1,2,^ -thiadiazole
(Liquid film).
DCL
Fig. 29A. PMR spectrum of 3-^-^-propylamino-5-methoxy--1,2,4-thiadiazole in
(GDCl^ ), 60 Mcps.
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pressure, 5-amino-3-di*-n-butylanino-1,2,4-thiadiazole (III) was 
formed in quantitative yield as white lustrous crystals, m.p* 100°,
( CH-3CH2CH2CH2)2N-j- 1
N JI-MH2
(III)
The infrared spectrum of (III) (Pig* 30) shows the following 
characteristic bands1 at 3170# 3330 cuH (symmetric and asymmetric 
IH2 stretch), at 1635 cmH (NH2 deformation), at 1550 citf^ (ring 
stretching) and at 735 cm"** (ffii2 wagging)*
The PMR spectrum of 5-amino-3-di«-n-butylamino-1,2,^ -thiadiasole 
(III) (Fig* 30Ai note that TMS is at r 10*06) shows, from left to 
right, the GHCI3 impurity signal, the broad singlet at t  k M  from 
the NH2 group, the triplet at t 6*58 from the two methylenes adjacent 
to nitrogen, the multiplet (not well resolved) centered at about 
T 8*5^ from the middle two methylene groups of each chain and the 
triplet at t  9,06 from the two methyl groups. The integral traces 
show 2, 8 and 6 protons.
The reaction of 5-ehloro-3*^ i*-n~butylamino«1,2,4-thiadiazole 
with sodium methoxide in methanol afforded a quantitative yield of 
3-di-n-butylaraino-5-wethoxy--1,2,^ -thiadiazole (l?)| as a colourless
(CH3CH2CH2CH2)2N-|^ --- 1
N >-0CH,
(IV) V S 3
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wavenumber
Fig* 30. I.R* spectrum of 5-amino-3-di-n-butylamino-1,2,^ -thiadiazole
(Rujol mull).
2x2 x CH2 -NImpurity2 CHClg
Fig. 30A. PMR spectrum of 5-amino-3-cii-n-butylamino-1,2,4-thiadiazdle in
(CDCl^ )* 60 Mcps.
122
liquid, b.p, 102°/ 0.3 mm.
The infrared spectrum of (IV) (Liquid film) (Fig. 31) shows 
the usual C-H stretching bands of the alkyl groups. The other 
characteristic bands are: strong absorption at 155? (ring stretch­
ing), a strong band at 12^2 (ring-G-0 stretch), and a medium intensity 
—1band at 988 cm (methyl-C-0 stretching).
The PMR spectrum (Fig* 31 A) clearly shows the following proton 
signals: the OCH^  singlet at T 5*97» the triplet at 6.56 (J =8) 
from two methylenes adjacent to nitrogen, a multiplet from the middle 
four methylene groups (not well resolved) centered at about 8*53> 
and the triplet at *r 9*08 from two methyl groups. The integral 
traces show 3» 8 and 6 protons.
Attempts to effect a Diels-Alder reaction between dimethyl 
acetylenedicarboxlate and 3~di~n-butylamino-5-methoxy-1,2,4-thiadi- 
azole using u.v-radiation and heating under reflux for a week con* 
tinuouslyi with an excess of the dienophile gave not the desired 
adduct, but a small yield (0.5 $) of an unexpected product which was 
identified by elemental analysis and m.p. as tetramethyl 2,3,^ ,5- 
thiophenetetracarboxylate (V), and most of the starting components
Me020-f---- ~j~CQ2Me
I IMe02C ' C02Me
(V)
were recovered unchanged*
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Fig. 31. I.E. spectrum of 3-di-n-butylamino-5-methoxy-1,2,4-thiadiazole
(Liquid film).
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Fig. 31 A. PI® spectrum of 3-di-n-butylamino-5-methoxy-1,2,4-thiadiazole in
(CDCl^ ), 60 Mcps.
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The above result indicates that the 1,2,4-thiadiazole ring is 
rather stable and does not behave as a diene even when substituted 
with two electron donating groups, as in (IV), The slight decom­
position during the prolonged period of heating could be explained 
as follows:
(n-Cp9)2N-C— -— N a
The sulphur would then be scavenged by the acetylenedicarboxylate 
to give the thiophene product:
Compound (V) has been prepared by heating two moles of dimethyl 
acetylenedicarboxlate with one mole of sulphur for twenty hours in 
a sealed tube (zugeschmolzenen Rohr) at 150-155° and obtained as
Three other substitutions of the Cl-atom of 5-chloro-3-di-n- 
butylamino-1,2,4-thiadiazole by other groups were carried out:
1* Replacement by the morpholino-group was conveniently achieved 
by treating one mole of the compound with two moles of morpholine
^n-u^;2w-uaw + a + u^ u-uejm
0CH3
O QQ q
colourless prisms, m*p. 126-128 from alcohol, or m*p« 125-126 
from methanol.100
125
in ether. 3-Di-n-butylamino-5~morpholino-112,4-thiadiazole (VI) was 
formed, which was distilled under reduced pressure, to give in 95 $ 
yield a liquid, b.p. 160-162°/ 0.4 mm., which solidified rapidly to 
a pale-orange low-melting solid (m.p. 40°) (Eq. 70).
(n-CkHp^ M—i----M _ (n_C4H9)2H-n = ^H
| |  / \ ether I |
H. S + 2 H-H 0  > N SV w ^  V <7.)
Cl / \ /N-s.
+ HC1.HN 0 f 1W <0J
(VI)
2* By the same method 5-chloro-3~di-n-butylamino-1,2,4-thiadiazole 
was treated with two equivalents of piperidine in ether. The white 
piperidine hydrochloride formed was filtered off, and the product, 
3-di-n-butylamino-5~piperidino-1,2,4-thiadiazole (VXl) remained in
(CH3CH2CH2CH2) 2N-j ----N
S
(TO)
the ether. Removal of the solvent left the compound (VII) as a 
viscous, light orange-coloured oil in 100 $ yield which had b.p. 
162°/ 0.1 mm.
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3* Hydrazine hydrate reacted with 5-chloro-3-dI~n-butylamino~1,2,4- 
thiadiazole in ethanol to give 3-di~n-butylarrjino-5-hydrazino-1,2,4- 
thiadiazole (VIII) in quantitative yield as a white solid, m.p. 7 7 °  •
(CH3CH2CH2CH2) qN-j---- N
s
(VIII) nhnh2
The above three compounds were identified by spectroscopic 
methods. By mass spectrometry the molecular ion peaks were for
(VI), m/ e 296 intense
(VII), m/ e 298 medium
and (VIII), m/e 243 very intense.
The infrared and the PMR spectra of compounds (VI), (VII) and
(VIII) are shown In Figures (32, 32A), (33. 33A) and (34, 34A) 
respectively, A short interpretation of these follows:
The infrared of (VI) (Fig. 32) shows, besides the C-H stretching 
bands, strong absorption at 1540 cmH due to the ring stretch and at 
1115 crrH due to C-O-C asymmetric stretch.
The P M  spectrum (Fig, 32A) shows ( f r o m  left to right): the 
CHCl^ impurity signal, the triplet at t  6.22 from the two methylenes 
adjacent to the 0-atom, the two overlapping triplets centered at 
t  6.58 from the four methylene groups adjacent to the N-atoms in the 
3- and 5-positions of the thiadiazole ring, the multiplet centered 
at about *r 8.54 from the four middle methylene groups of the two
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Fig, 32. I.E. spectrum of 3-di-n-butylainino-5-morpholino-112,4-
thiadiazole (Liquid film).
N—Sv /-\
, L > L J *
£  Ei
Fig. 32A. PER spectrum of 3-di-n-butylamino-5-morpholino-1»2, ^-thiadiazole
in (CDCI3)# 60 Mcps.
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butyl chains, and the triplet at r  9»08 from the two methyl groups0
The integral traces show (same order) h, 8, 8, and 6 protons.
The infrared spectrum of (VII) (Fig. 33) shows the C-H stretch-
-1ing bands and the ring stretching band at 1535 cm •
The P M  spectrum (fig 33A) shows from left to right: the CHCl^ 
impurity signal, a triplet at 6 ,56 from the four methylene group 
protons adjacent to N-atoms, the multiplet centered at about r  8*45 
(not well resolved) from the seven approximately equivalent methylenes 
comprising three piperidino methylene groups removed from the N-atom 
and four methylenes of the alkyl groups, and a triplet at 9*08 
from the two methyl groups. The integral trace indicates 8, 14 and 
6 protons.
The infrared spectrum of compound (VIIl) (Fig. 3*0 shows
-1medium intensity NH2 absorptions at 3350 and 3200 cm due to the
asymmetric and symmetric stretching respectively, the Mp deforma-
*1tion at 1652, the ring stretching at 1555 cm“ , and the two broad 
bands at 968 and 720 cm“! due to NHNHp wagging.
The P M  spectrum (Fig. 3^ A) shows (from left to right) the 
CHCl^ impurity signal, a triplet at nr 6 .58 (J = 7 c/s) from the two 
methylenes adjacent to nitrogen and underneath this signal there is 
a broad signal centered at about r 6.5^ from the NH and NHp protons; 
then the multiplet at about r 8.55 is from the two pairs of middle 
methylene groups, and the triplet at ■v 9*08 is from the two methyl 
groups. The integral trace shows 7 ([(CHpJgN + NKp + Nh] * 8, and 6 
protons•
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wavenumber
Fig* 33* I*R. spectrum of 3-di-n-butylamino-5~piperidino-1,2,^-thiadiazole
(Liquid film).
(n-butyl)aN _  N
Fig* 33A. PI® spectrum of 3-di-n-butylamino-5rPiperidino-1,2,4-thiadiazole in
(CDCl^ ), 60 Mcps.
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Fig* 3^ . I*R. spectrum of 3-di-n-Tmitylamino-5-hydrazino-1,2,^ -thiadiazole
(Nujol mull)*
(n-but).
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Fig* 3^A. PMR spectrum of 3-<ii-n-butylamino-5-hydrazino-1, 2 , thiadiazole in
(CDCl^), 60 Mcps.
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km The Ultraviolet Absorption Spectra of Some of the New
1,2,4-0xa- and -Thia-diazoles
The spectroscopic observations are summarised in Tables IV and V, 
and the full light absorption curves shown in Figures 35 and 36-
TABLE I?
U.V. Absorption Maxima of 3-diphenylamino-4 or 5-substituted-
1,2,4-oxa- and -thia-diazoles in methanol
Compound ■^max I *max
278 , 307 2033 , 730
263 , 320 2844 , 50k
255 2139
255 2723
259 24-86
255 13308
Ph2N~1 N
N
X S/
-R
N
0
PhpN-r-
(I
N
R = SH 
= SCH3
Ph2N-, N-R R = H
CH-:
N R = CH2CH2C00H
ua = ch2ch2cooch3
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TABLE V
U.V, Absorption Maxima of 3-Bi-n~propylamino-5-substituted- 
1,2,iJ'-thiadiazolesin Methanol
5-Substituent w(m^ ^max
Cl 312 381
nh2 268 3^ 7
OCH, 270 17
From these observations it is clear that deductions concerning 
the fine structure of individual 1,2,4-oxa- and -thia-diazoles can 
only be made from comparison between very closely related derivatives. 
The first pair of results in Table IV shows that the 5-bydroxy 
compound in fact exists in the 5-oxo form because the light absorption 
is closely similar to that of the fixed-bond ^ -methyl-5-oxoderivative. 
Taking the whole of the observations shown in Tables IV and V, it 
must be concluded that results for one individual compound of known, 
fixed-bond structure, e.g, the 5-chloro compound, cannot be used to 
determine whether another, differently-substituted compound such as 
the 5-amino derivative exists as such or in the 5-i^ ino form.
Furthermore, the observations do not appear to lead to any 
general conclusions: far more results would presumably be required* 
Thus it is curious, at this stage, that the 5-chloro-1,2,4-thiadi­
azole should absorb at a much longer wavelength than the 5-amino
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compound. In the benzene series, which can be taken as typical for
aromatic systems, the substitution on this ring of auxochrcmic groups
(OH, NHpj etc. ) shifts the 3- and B-bands to longer wavelength,
frequently with intensification of the B-band and loss of its fine
102structure, because of n-'*T conjugation. The observed effects are 
shown in Table VI.
TABLE VI
Effect of Auxochromic Substitution on the Spectrum of Benzene
Ep-Band
Ii
B-Band
Compound C max ^nax^10^  ^ max Solvent
Benzene 20b 7,900 256 200 Hexane
Chlorobenzene 210 7,600 265 240 Ethanol
Thiophenol 236 10,000 269 700 Hexane
Anisole 21? 6,400 269 1,480 2 y Methanol
Phenol 210.5 6,200 270 1,^50 Water
Phenolate anion 235 9,400 28? 2 ,600 Aq. alkali
o-Catechol 214 6,300 276 2 ,300 Water (pH 3)
o-CatechoIate anion 236.5 6,800 292 3,500 Water (pH 11)
Aniline 230 8,600 280 1,430 Water
Anilinium cation 203 7,500 254 160 Aq. acid
Diphenyl ether 2 55 11,000 272 2,000 Cyclohexane
278 1,800
13**
The ultraviolet spectra of 1,2,^-thiadiazoles have been studied
103a-e
by Goerdeler and his students who found that, as in benzene,
the introduction of amino-groups into the heteroaroma tic 1,2,4-thia­
diazole nucleus displaces the absorption maximum strongly towards 
longer wavelengths* Thus, the peak due to the parent compound (IX)
f\
s
(IX)
is moved from 229 to 2^7 mp in 5-amino and to 256 mp in 3»5-diamino-
10^1,2,^-thiadiazole. Alklation of the 5-amino-group produces
merely the expected further small bathochromic and hyperchromic
displacements, but arylation introduces a second more intense maximum
at ca. 290 up* This, it is suggested, is a K-band due to conjugation
between the aromatic and the heteroaromatie component, obscuring the
benzenoid band. The maximum at 2^ 5 mp of lower intensity is probably 
105the E-band of the aromatic portion, displaced into this region 
owing to its particular structural environment.
It was also reported by Goerdeler that the absorption spectrum 
of a 3-dialkylamino-5-amino-thiadiazole, as compared with 3-alkyl 
and 3-alkoxy-5-amino-thiadiazoles, showed a definite shift to longer 
wavelengths.
From the above short discussion of the ultraviolet spectra of 
some 1,2,4-thiadiazoles related to our compounds, we conclude that
135
the bathochromic shifts noticed in our thiadiazoles are not unexpected 
(Fig. 35, 1 and 2 Table IV, R = SH and SCH^ , and Fig. 36 Table V).
But reasons for detailed differences from the situation found amongst 
benzenoid derivatives cannot be offered at present.
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Elemental analyses were performed by:
Dr* Alfred Bernhardt,
Mikroanalytisches Laboratorium.
5251 Elbach uber Engelskirchen, 
Fritz-Pregl-Strasse 14-16,
West-Germany*.
and some by the Chemistry Department Microanalytical Service* All 
melting points were determined with Kofler-heating microscope, and 
were corrected; boiling points were uncorrected* The infrared 
absorption spectra were determined with a Unicam S*P. 200 spectro­
photometer. The Ultraviolet absorption spectra were determined 
between 200 and 450 mji with a Unicam S.P. 800 spectrophotometer,
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using 10 and 5 mni« silica cells, the solvent was methanol distilled 
under nitrogen, and the concentration ranged near 10 M. The proton 
magnetic resonance spectra were measured with a Perkin Elmer 60 Me 
spectrometer and the internal reference standard was tetramethyl- 
silane. The mass spectra were determined with an MS 12 mass spectro­
meter.
The interpretation of the IR and P M  spectra of all the new 
compounds were discussed in the previous chapter. All the inter­
mediate compounds used in this work have been prepared and identified: 
other reagents were commercially available and purified as required,
3-Diphenylamino-1,2,^-oxadia z ole s from 
N,N-Disubstituted-N1-hydroxy- 
guanidines
Mono- and Di-substituted Cjyanamides (Eqs. ^7 > ^3 & ^3A).-
Mono- and di-substituted cyanamides were prepared in large batches 
by methods previously reported in the literature, A short descrip­
tion was given in Chapter IV section 2B).
Free Hydroxylamine (Eq, AR).- In a two-liter, 3-necked, round- 
bottomed flask fitted with an efficient stirrer, dropping funnel and 
condenser there was placed 139*2g(two moles) of powdered, dry hydroxyl­
amine hydrochloride and 120 ml of absolute ethyl alcohol and about 
0.1 g of phenolphthalein. The mixture was warmed gently and stirred 
for ten minutes, A warm solution of sodium ethylate (prepared by
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adding 48 g. of sodium in small pieces to 600 ml. of absolute ethanol 
and transfered rapidly into the dropping funnel) was added as rapidly 
as the phenolphthalein permitted; three to three and a half hours 
was required* If necessary the delivery tube was warmed occasion­
ally to prevent solidification within it.
The sodium chloride was filtered off, pressed well and washed 
first with 40 ml of ethyl alcohol and then with three 40 ml portions 
of ether. The total filtrate was placed in a dry-ice acetone freez­
ing mixture until the temperature of the filtrate was below -10°. 
Hydroxylamine began to crystallize in white flakes. The crystals 
were then collected quickly washed with ether and placed in a desic­
cator for fifteen minutes to remove the solvent; yield 5&«^3 g*
(85.5 >■). The crystals were kept in a stoppered bottle in an ice 
chest.
N.N-Disubstituted Hydroxyguanidines (Eq. 45).- For some detail 
see Chapter IV section 2D and Table II for preparation, properties, 
elemental analyses and spectroscopic interpretations.
3-Diphenylamino-1,2,4-oxadiazol-5~one (Eq. 49).- To 10.5 g. of 
N,N-diphenyl-Nf-hydroxyguanidine in 50 ml of pyridine was added 
10.8 g. of ethyl chloroformate, slowly with stirring. After the 
addition had been completed the mixture was refluxed on a steam bath 
for two hours and poured into iced-water. The brown solid obtained 
was filtered and washed with water. The crude product, m.p* 203-205°* 
was dissolved in hot acetone and the solution was filtered, treated
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with ether and cooled, whereupon lustrous needles of the product 
separated; yield, 6.5 g» (55*5 $)» m*P* 217-218° (Found: C, 66*7;
H, 4*4; N, 16.8 C, 66.4; H, 4.4; N, 16.6 #).
N,N-Diphenyl-N 1 -ethoxycarbonyloxyguanidine (Eq. 50)*- To a 
solution of 1 g, of N,N-diphenyl-N'-hydroxyguanidine in 5 ml chloroform 
and 10 ml of ether was added 0.45 g. of ethyl chloroformate. The 
mixt~ure was stirred for half an hour. The ether was removed under 
reduced pressure, and distilled water was added. The mixture was 
made basic with 5 $  sodium bicarbonate and, after shaking, the 
chloroform layer was separated and the water was extracted once 
more with chloroform. The chloroform layers were washed successively 
with i^ ater and filtered through sodium sulfate. The solvent was 
reduced to a small volume, and then some ether was added and the 
solution allowed to cool over night. Long colourless prisms of the 
compound were obtained; 0.6 g. (50 f o ) , m.p, 102-103° (Found: C,
64.6; H, 5.8; N, 14.2 requires C, 64.2; H, 5-7;
N, 14.04 $).
Carbonyl-di(N,N-diphenyl-N*-oxyguanidine) (I).- A mixture of 
22.6 g. (0,1 mole) of N,N-diphenyl-Nl-hydroxyguanidine and 21.6 g.
(0.2 mole) of ethyl chloroformate was refluxed for four hours and 
then kept overnight at room temperature. The excess of the ethyl 
chloroformate was removed under reduced pressure. The solid residue 
was dissolved in distilled water, made basic with sodium bicarbonate, 
and extracted with chloroform. The chloroform layers were washed
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successively with water and filtered through sodium sulfate. The 
solvent was reduced to a small volume and during this operation 
white crystals formed. They were collected and washed with ether; 
yield, 9*0 g*, m-P* 237-238°. A sample recrystallized from methanol- 
chloroform-ether had m.p. 237-238° (Found: C, 67*4; H, 4.8; N, 17*7.
C27h24n6°3 requires C, 67.5; H, 5.0; M, 17*5 $)•
3-Diphen.ylamino-4-methy 1-1,2,4-oxadiazol-5-one (Eq. 52).- A
89freshly prepared ethereal solution of diazomethane was added slowly 
to a suspension of 5 g* (0.02 mole) of 3-diphenylamino-1,2,4-oxadi- 
azol-5~°ne in hexane until the solution maintained a permanent yellow 
colour. After the reaction was completed, the solvents were removed 
under reduced pressure. The solid residue (6 g.) was recrystallized 
from methanol to give 4.36 g. (86 I ) ,  m.p, 106-107° as bright white 
crystals (Found: 0,67.4; H, 5*0; N, 15*9* requires
C, 67.4; H, 4.9; N, 15*7 i ) *
3-Diphenylamino-5-methyl-1,214-oxadiazole (Eq. 53)*- To 4.55 g* 
of N,N-diphenyl-N!-hydroxyguanidine were added 10 ml. of acetic 
anhydride and the mixture was refluxed for two and a half hours.
The excess of the anhydride was distilled off, and ethanol was added 
to the residue: after two days at room temperature, colourless prisms 
formed. They were filtered, and washed with ether to produce 2.95 g. 
(58.7 $ )  % m.p, 86-87°, or m*P* 87° after sublimation (Found: C, 72.3*
71.7; H, 5 .3 , 5*2; N, 16.5 , 16.6. C ^ H - ^ O  requires C, 71.7*
H, 5.2; N, 16.7 g).
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3-Piphenylamino-1 ,2t4-oxadiazole-5-pnopionic acid (Eq. 54).-
To 11*37 g* (0*05 mole) of NjN-diphenyl-N1-hydroxyguanidine and
oi  s u c c i n i c  a i i h y d r i ^ e
5*814 g. (0 .05 mole )^ was added 30 ml of dry xylene,and the mixture
was refluxed for four hours, during which time the calculated amount 
of water was eliminated. The reaction mixture, left over night, 
formed a cake, some dry ether was added and the cake powdered and 
filtered and washed with cold ether to give 11,42 g, of the product 
(74*9 j o ) t m.p. 112-113°. A sample recrystallized from dioxan-water- 
acetone had m.p. 113-114° (Found: C, 65*7; H, 5*11 H, 13*8.
requires C, 66.0; H, 4.9; N, 13*6 $).
hethy1 3-diphenylamino-1,2,4-oxadiazole-5-propionate.- This 
ester was prepared by two methods as bright colourless needles: 
Procedure A (Eq, 55)•- To a solution of 0.5 g. of sodium hydroxide 
in 20 ml of water was added 3*09 g. (0.01 mole) of 3-diphenylamino- 
1,2#4-oxadiazole-5-propionic acid. The mixture was stirred vigorously 
whilst 1.26 g. of dimethyl sulphate was slowly added. Then it was 
refluxed for four hours, cooled and extracted with three portions of 
ether. The ether layers were washed a few times with water and 
saturated sodium chloride solution, and filtered through anhydrous 
magnesium sulphate. The ether layers were combined and the solvent 
removed to leave a thick oily residue. A small amount of dry ether 
was added. After being left in the cold for a few days, colourless 
needles were formed. They were filtered and washed with cold ether 
to give 0.6 g, (18.6 $), m.p. 68-69°.
Procedure B (Eq. 56).- To a suspension of 3*09 g* of the acid
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in 5 of methanol was added slowly with shaking, freshly prepared 
ethereal diazomethane until the reaction mixture maintained a perma­
nent yellow colour# Then it was left to stand at room temperature 
overnight. It was filtered and the solvents were removed under 
reduced pressure. The thick oily residue was solidified after cool­
ing to give 3 .2 3 g. (100 cp )  t m.p. 68-69° of the product which 
recrystallized from acetone-petrol ether (60-80) and then had m.p.
69-70°. For analysis, a sample of the recrystallized ester was sublimed, 
without change in melting point (Found: C, 66.9; H, 5«2; H, 13*2.
C^H-]7N3O3 requires C, 66.9; H, 5*3; N, 13*0 $)•
3-Diphenylamino~1,2,-9-thiadiazoles from 
N,N-Disubstituted-N1-hydroxy- 
guanidine
3-Diphenylamino~5-mercapto-1,2,4-thiadiazole (Eq. 57)*- The 
procedure of Schubart-^ for cyclization of p-methylbenzylamidoxime 
was followed with some modifications. To a solution of 2.8 g. of 
potassium hydroxide in alcohol was added 5*5^ g. (0,02 mole) of 
N,N-diphenyl-Nf-hydroxyguanidine and an excess of carbon disulphide. 
The mixture was refluxed for eighteen hours, then evaporated to dry­
ness, the residue was dissolved in aqueous sodium hydroxide and made 
acidic with hydrochloric acid, and the white yellowish precipitate 
was filered and washed thoroughly with water and dried to give 
3*93 g* (67 $)» m*P« 1^ 5° (after shrinking at 175°)* Crystallization
wa
from hot acetone gave white lustrous crystls but no change in the 
melting point of the product (Reducing the amount of the carbon 
disuphide and j or refluxing time gave a lower yield, and unchanged 
starting compound) (Found: C, 58.8; H, h.1; N, 14.8; S, 22.3.
requires C, 58*9; H, 3*9; Nt 14.7; S, 22.5 $).
3-Diphenylamino-5-meth.yIthio-112,4*.thiadiazole (Eq. 58).- To 
0.5 g# of 3-diphenylamino-.5-^ ei*capto-1,2,4-thiadiazole in methanol 
was added slowly with shaking an ethereal solution of diazomethane. 
After the reaction was complete, the solvents were removed under 
reduced pressure leaving the white solid product, m.p. 95-98°,which 
was recrystallized from methanol-acetone, as colourless prisms,
°*34 g. (66,7 $)» with no change in melting point (Found: C, 60.3;
H, 4.4; N, 14.2. requires C, 60.2; H, 4.4; N, 14.4 $).
3-Mono- and 3-Mi-substituted amino-1,2,4-oxadiazoles 
from Substituted-hydroxyguanidines 
by the Indirect Method
The indirect method involves the reaction of the corresponding 
substituted cyanaroides, first with free hydroxylamine in pyridine 
at low temperature then with the cyclization reagents as in the 
following reaction:
3-pyrrolidino-1,2,4-oxadiazol-5-one (Eq. 59).- To 9.6 g. (0.1 
mole) of freshly prepared and distilled N-cyanopyrrolidine was added
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30 ml of dry pyridine. The solution was cooled in an ice-salt bath, 
and a little more than one equivalent of free hydroxlamine was added 
slowly with stirring to the cola solution, ana stirred for an addi­
tional fifteen minutes. Then 10.8 g* (0.1 mole) of ethyl chloro- 
formate was added dropwise with stirring. The reaction mixture was then 
left at room temperature overnight, heated on a steam bath for half 
an hour and the solvent was removed under reduced pressure. To the 
residue water was added and the mixture extracted with chloroform 
three times. The chloroform layers were washed with water a few 
times and filtered through anhydrous sodium sulphate. The solvent 
was reduced to a small volume, some ether was added, and after cool­
ing, colourless prisms were formed. They were collected and washed 
with ether, yield 2.5 g. (16.2 $), m.p. 190-191°* For analysis a 
sample was recrystallized from methanol-water when it had m.p, 190- 
191° (Found: C, 46.3; H, 5.8; II, 27.3. CgH^Og requires C, 46.5;
H, 5.9; N, 27.1 i ) .
3-Piperidino-1»2.4-oxadiazol-5-one (Eq. 60).- The same procedure 
described above was followed, starting with 0.1 mole of N-cyano- 
piperidine, except that the reaction mixture was heated for one and 
a half hours. The product, obtained in 19*5 1° yield based on the 
cyanopiperidine used, crystallized as colourless prisms from methanol- 
water, m.p. 121-122° (Found: C, 49.6; H, 6.5; N, 24.9. CyH-j^ K^ O^
requires C, 49.7; H, 6.6; N, 24.8 f o ).
3-p-Anisidino-1,2,4-oxadiazol-5-one (Eq. 61).- To a solution
1^7
of 7*^ 1 g. (0*05 mole) N-cyano-p>-ani sidine in 15 ml of dry pyridine 
was added slowly with cooling and stirring a little more than the 
equivalent amount of free hydroxylamine* Stirring was continued for 
another fifteen minutes and then 5*^ g« (0*05 mole) of ethyl chloro­
formate was added dropwise. The reaction mixture was stirred at 
room temperature overnight and then it was heated on a steam bath 
for two hours and worked up as in (59) to give 1 g. (1^,h $ ) of 
the product which crystallized from methanol-benzene as light creamy- 
coloured lustrous crystals, m.p. 17^-175° (after shrinking at 168-170°) 
(Found: C, 52.2; H, ,^1 ; N, 20,6. requires C, 52.2;
H, N, 20,3 f 0) .
3-P~Anisidino-5~meth,yl-1,2,^-oxadiazole (Eq. 62).- A solution 
of 7.^ g. (0.05 mole) of N-cyano-g-anisidine in 10 ml of pyridine 
was treated with free hydroxylamine as above and then 3*93 g* (0*05 
mole)of acetyl chloride in ether was added slowly with stirring.
The reaction mixture was stirred for an additional hour. The solvents 
were removed under reduced pressure and to the residue was added 
10 fo sodium bicarbonate solution. After extraction with chloroform 
three times, the chloroform layers were worked up as in (59)i yield 
3.7 g. (32 l > ) of the product as colourless prisms, m.p, 156-157°*
For analysis a sample was sublimed without change in the melting point 
(Found: C, 58*1? H, 5*7? N, 20.2. C-|oH^N^Og requires C, 58-6;
H, 5*^ » N, 20.5 $)•
N,N-Diacytyl-NT-hydroxy-Nn-p-methoxyphenylguanidine (II),-
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Following the same procedure above (62) and using the same quantities 
apart from a double amount of acetyl chloride, compound (II) was 
formed in 47 $  yield, m.p. 133-134°, as colourless prismsj recrystl- 
lisation from acetone-ether effected no change in the melting point 
(Found: C, 54*4; H, 5*5; N, 15*8. 5^ 33^ 3 requires C, 54.3;
H, 5-?; H» 15.8 f ) .
3-Dialkylamino-1,2,4-thiadiazoles from N,N-Dialkyl- 
guanidine Hydrobromides
Secondary Amine Jjydrobroroides (Eq. 63 & 63A).- Secondary amine 
hydrobromides were prepared in large batches. A short description 
was given in Chapter IV, section 3A#
NtN-Di-substituted Guanidine Hydrobromides (Eq. 64).- For 
some detail see Chapter IV, section 3D and Table III concerning 
preparation, properties, elemental analyses and spectra. In the 
following the optimum reaction conditions were achieved for the 
preparation of N,N-di-n-butylguanidine hydrobromide; the description 
can be considered as a general procedure:
In a round-bottom flask fitted with reflux condenser attached 
to a drying tube (CaClg) was placed 104.96 g. (0.5 mole) of di-n- 
butylamine hydrobromide, 21*02 g. (0.5 mole) of cyanamide and 30 ml 
of absolute alcohol. The mixture was refluxed for three days, and 
the white cake formed after cooling was broken under dry ether,
filtered and washed with dry ether; yield 126 g. (100 $), m#p# 145- 
145*5°* It was reerystallized from ethanol-ether and then had 
m.p. 146; 99 $ of the product was recovered*
1 Cifs
fhe preparation of guanidine derivatives were reported using 
the hydrochloride salt of a heteromono- or poly-cyclic base, which 
contains an HH-group as a member of a ring, or derivative of such 
a base, and reacting with cyanaaa.de in a closed vessel for some hours 
at 140-150°.
5-0hloro-3-di-n-prQOTlaramoj.2.4-tfaiadlazoXe (Eq.66).- In a
one-liter, 3-necked, round-bottomed flask fitted with an efficient
stirrer, dropping funnel and thermometer there was placed 44.83 g*
(0*2 mole) of HfH-di-n-propylguanidine hydrobromide, 120 ml of
distilled water, 21*96 ml (0 .2 mole) of trichloromethanesulphenyl
chloride and 100 ml of ether. The mixture was cooled in an ice-salt
bath until the temperature was 0°. A solution of sodium hydroxide
in 128 ml of water was added dropwise with vigorous stirring so that
the temperature kept at 0°, and the pH remained below 9 (wide range
en<J
indicator paper)• At the^ of the reaction (3-4 hours), the unreacted 
trichloromethanesulphenyl chloride was decomposed with 10-12 ml of 
concentrated ammonium hydroxide, and the stirring continued a little 
longer (fifteen minutes)* The reaction mixture was neutralized, 
treated with a small amount of calcium carbonate and steam distilled 
The first distillate (ether) was discarded (or could be left to 
extract the product). The lower layer of the distillate was suf­
ficiently pure for further reactions [yield 12.8 g. (29*1 or
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it could be purified by distillation under reduced pressure, b.p. 
80-81°/ 0.7 ram, r P  1.5199 (Found: C, 43.9; H, 6.5; Cl, 16.3;
N, 18.98; S, 14-.8. CgH^ClN^S requires C, 43.7; H, 6.4; Cl, 16.1; 
N, 19.1; S, 14.6 i o ) .
5-Chloro-3-di-n-butylamino-1,214-thiadiazole (Eq. 67).- Following 
the above procedure, using the same quantities and starting with 
N,N-di-n-butylguanidine hydrobromide, 5-chloro-3-di-n-butylamino-
1,2,4-thiadiazole was prepared: yield, 14.86 g. (30 $), b.p. 95-96°/ 
0.5 mm 1.5007 (Found: C, 48.6; H, 7.2; Cl, 14.2; N, 17.2;
S, 13.1. C10H18C1N3S requires C, 48.5; H, 7*3; Cl, 14.3; N, 16.97; 
S, 12.9 i ) .
3-Di-n-propylamino-5-methoxy-1,2,4-thiadiazole (Eq. 69).- To a 
solution of 1.1 g. (0.005 mole) of 5-chloro-3-di-n-propylamino-1,2P4- 
thiadiazole in 2 ml of methanol was added in one portion a solution 
of sodium methoxide in methanol ^obtained by adding 0.115 g. (0 .005  
mole) of sodium to 5 ml of methanol). The mixture was shaken for a 
few seconds, sodium chloride began to precipitate and the mixture 
was left at room temperature for one hour. Then it was heated on a 
water bath for a few minutes, cooled and filtered, and the sodium 
chloride washed with cold methanol: weight, 0 .25 g. (quantitative).
The filtrate was distilled under reduced pressure to remove the 
solvent. The residual colourless oil was the product (1•16 g., 100 i )  
which was purified by distillation to give one fraction, b.p, 110°/
2.5 mm (92°/ 0.4 mm), t^9 1.5068 (Found: C, 50.3; H, 7.9; H, 19.7;
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S, 15.04. C^H^N^OS requires C, 50*2; H, 7-96; N, 19.5 ;
S, 14.9 1 o ) .
3-Di~n-butylamino-5<-methoxy-1,2,4-thiadiazole (IV).- The 
general procedure outlined above for 3-di-n-propylamino- analogues 
(69) was followed using 1.24 g. (0.005 mole) of 5-chloro-3-di-n- 
butylamino-1,2 ,4-thiadiazole. Distilling off the solvent gave
1.22 g. (100 $), b.p. 102°/ 0 .3 mm. of colourless oily liquid, 
n^ 9 1.4978 (Found: C, 54.1; K, 8.9; N, 17.4; S, 13.3* C^H^^OS 
requires C, 54.3; H, 8.7; N, 17.3; S, 13.2 f o ) .
5-Amino-3»di-n-propylamino-1,214-thiadiazole (Eq. 68).- Into 
a clean, dry Carius tube was placed 4.47 g. of 5-chloro-3-di~n- 
propylamino-1,2,4-thiadiazole. The tube was cooled and an excess 
(about 15 ml) of liquid ammonia was cautiously added. It was sealed, 
placed in the steel jacket (lined with asbestos) and heated in the 
electric furnace at 50° for eight hours. The tube then was cooled, 
opened and water added to dissolve the ammonium chloride. The water 
insoluble product was filtered, washed a few times with water and 
dried to give 4,13 g* (100 $). This was recrystallized from ethanol- 
water as white lustrous flakes, m.p. 133—133•5°» For analysis a 
sample was sublimed to give white crystals of the same melting point 
(Found: C, 48.1; H, 7*9; N, 28.1; 3, 15*9. CgR-j^ N^ S requires
C, 47.97; H, 8.1; N, 27.97; S, 16.0$).
5-Amino-3~di-n-butylamino-1,2,4-thiadiazole (ill).- The general
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procedure outlined above for 3-di-n-propylamino- analogues (68) was 
followed using 1.38 g. of 5-chloro-3-di-n-butylamino-1,2,4-thiadi-
T>V.o g i  norl n o  ..rk n -4- q  r* w r c  I n i  c  m  r~\ Q  Q  . . i O  ^a ^ j v i ' w  #  i  l i v  ^  «L-X-~L. /  w  L /  U u J . x i u u  u u  w * * * * 4-  u ' - -  u  u <-x -j- w  j  / y -  |  e u
(1.28 g. , 100 $), was sublimed for analysis and then had m.p. 100° 
(Found: C, 52.5; H, 9*3; N, 24.3; S, 13.9. C^qH2qN^ S requires
C, 52.6 ; H, 8.8 ; N, 24.5; S, 14.0 f o ) .
3-Di-n-butylamino-5“morpholino-1,2,4-thiadiazole (VI) (Eq. 70).- 
To a solution of 2.47 g. (0.01 mole) of 5-chloro-3-di~n-butylamino-
1,2,4-thiadiazole in ether was added a solution of 1.24 g. (0 .02 mole) 
of morpholine in ether, slowly with shaking, and the mixture was 
refluxed on the water bath for half an hour. After cooling, the 
white morpholine hydrochloride was filtered off and washed a few 
times with ether. The ether filtrate which contained the product 
was distilled under reduced pressure to remove the solvent, a quanti­
tative yield of the product (VI) remained. For analysis it was 
distilled under reduced pressure, providing 2.82 g. (94,64 f ) ,  b.p. 
160-162°/ 0.4 mm., which solidified rapidly to a pale-orange low- 
melting solid (m.p. 40°), soluble in most organic solvents, but 
insoluble in water (Found: G, 58.6 ; H, 8.9; N, 18.8; S, 10.9«
C14H26% Q 5 requires C, 56.4; H, 8.8 ; N, 18.8; S, 10,7 fo ) .
3-Di~n-butylamino-5-piperidino-1,2,4-thiadiazole (VII).- The 
general procedure outlined above for (VI) was followed using 
piperidine and 1 g. of the Cl-compound. The yield of the product 
was 1.19 g. (100 f>) t a viscous light-orange coloured oil. For
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analysis it was distilled under reduced pressure, b.p. 162°/ 0.1 mm
(Found: C, 60.6; H, 9-35 N» 18.4, C ^ ^ qN^ S requires C, 60.8;
T T  O  r* • t,t 4 D  O  ^n, 9* j  i n, i u • y  '/o j .
3-Di~n-butylamino-5-hydraz ino-1,2,4-thiadiazole (VIII). - To a
solution of 2.48 g. (0.01 mole) of 5-chloro-3-di-n~butylamino-1,2,4-
thiadiazole in ethanol was added excess of hydrazine hydrate and the
mixture left at room temperature for two days. Most of the solvent
was removed under reduced pressure and water added, when an oily
layer separated which was solidified by cooling. The lumpy solid
formed was filtered, washed with water and dried, providing 2.43 g.
1
(100 ep ) of pale pink product. Crystalization from ethanol-water
I*
gave white crystals, m.p. 75-76°. For analysis a sample was sublimed, 
m.p. 77° (Found: C, 49.1; H, 8.6; N, 28.8; S, 13.1. C10H2«|N^ S
requires C, 49.3; H, 8.7; N, 28.9; S, 13.2 #).
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